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ABSTRACT 
The f inal states K Pir*"jt  3t° and K Nir"*"ir were studied in K P inter­
actions at 4.6 and 5*0 BeV/c. The data were prepared from 28000 pictures 
at each momentum taken in the 80" bubble chamber at Brookhaven National 
Laboratory. The cross sections for production of the f inal state K Ptc"*"n Jt° 
are >7^ - .09 mb and .93 -  .12 mb, and for the f inal state K NJC"*" j t*"t :  
.42 - .06 mb and .39 - .07 mb at 4.6 and $.0 BeV/c, respectively. The 
effective mass distr ibutions were studied by combining the data from both 
momenta. The effective cross sections for the combined data are .83 -
.12 mb for the K f inal state and .41 - .  07 mb for the K st j t  
f inal state. 
The combined data consists of 701 events. The resonance 
production includes K ° (890); 29 -  4%, A (1236); 17 -  3% and A (I236): 
7,0 - 2.0%. There is, in addit ion, evidence for an enhancement at 96O 
MeV/c^ in the jr" '"-strt mass spectrum of magnitude 6 - 2%. A lower l imit on 
double resonance production is estimated to be 5% with some evidence for 
A" 3« 7 -  1 « 7%' No resonance observed in this f inal state could 
be understood exclusively on the basis of a single part icle exchange 
process. 
The combined K Pn'^'xc data consists of I3O5 events. The resonance 
production includes (890); 19 -  3%, K (890); 7«2 -  1.7%, ( 1236); 
15 -  3%, (1236); 8 -  3%, A °  (1236); < 2% u)° (784): 14.5 -  3%, 
Ti (548): 3.3 -  1.3%, Al° (I080); 10.5 -  3%, A2° (1300); 3 -  1.5%, P *(760); 
9 - 2.5% and p (76O): 5'5 -  2%. A spin analysis of the Al° (IO8O) indicates 
an unnatural spin and parity assignment with l"*" preferred. A lower l imit 
i V 
on double resonance production is 6% with some evidence for A"^ K °  it :  
- 1.5% and A i t  :  2.3 -  1.0%. There is an indication for A^^(]236) 
production via a one-pion-exchange diagram. 
In general these two f inal states exhibit much larger four-momentum 
transfers to the baryon than the corresponding three-or four-body f inal 
states. Center of mass angular distr ibutions for the baryon resonances 
"JV 
were signif icantly backward peaked, while the K distr ibutions were for­
ward peaked, but no more so than for the background obtained by sl icing 
above and below the resonance region. Quasi-two-body production due to 
small contributions from several channels, while marginal, could not be 
excluded. 
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I .  INTRODUCTION 
Presented here is a study of the reactions 
- K P ( la) 
- - r + -K N j i  Jt Jt ( lb) 
The data for this study are taken from two experiments at different lab­
oratory beam momenta, namely 4.6 and 5.0 BeV/c. Four groups received f i lm 
from these experiments; two of them, a group at Brookhaven National 
Laboratory and a group at Syracuse University received most of the f i lm 
from each. The Iowa State University and University of Colorado groups 
together received 28,000 frames from each experiment. The Colorado group 
received 20,000 frames from the 5-0 BeV/c experiment and 14,000 frames 
from the 4.6 BeV/c experiment. The Iowa State group received the rest, 
which amounted to 8,000 frames and 14,000 frames from the 5.0 and 4.6 BeV/c 
experiments respectively. 
The experiments were performed at Brookhaven National Laboratory 
using an electrostatically separated beam with the 80-inch l iquid hydrogen 
bubble chamber. Details regarding the bubble chamber and the production 
of the K beam can be found in the Brookhaven National Laboratory Reports, 
( 1, 6,27, 38). 
From a review of the l i terature i t  was found that some aspects of the 
f inal state K P i t° had been studied by Field e_t (22) at 3.8 BeV/c, 
incident K beam momentum. Other than that there have been no studies 
of the reactions (1). There have been few studies as yet on four pronged 
(four charged part icles in the f inal state) reactions with f ive particles 
in the f inal state. 
2 
Samlos £t a_]_. (37) reported on the reactions 
• -r jT N JT I t  r:  
(2a) 
(2b) 
at an incident -ji ;  laboratory beam of 4.7 BeV/c. Some very recent results 
on reactions (2) have been reported by Chung e_t i l l "  ( '5) j ,  and Klein et al .  
(3 0.. at II be Jill nioiiicnta ranging rroiii 2.7 to 7-5 GcV/c. Some of lhc:^c 
results were used in estimating the effect of -jf contamination in our 
part ial  cross sections. 
The total and part ial  cross sections presented here are based on the 
f i lm scanned and measured at Iowa State only. The remaining results are 
based on the combined data of Iowa State and Colorado. 
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I I .  EXPERIMENTAL PROCEDURE 
A. Scanning, Measuring, and Kinematic Fitt ing of the Data 
The events in the bubble chamber were recorded simultaneously from 
three different views on seventy mil l imeter f i lm. The f i lm was then 
scanned three t imes and interactions of al l  types with beam tracks were 
recorded. The three scans were then combined into a l ist of events to be 
measured. From the scan l ists the information l isted in Table 1 was 
obta i  ned. 
Table 1. Scanning data 
5.0 BeV/c 4.6 BeV/c 
Total number, of scanned frames. 6865 13265 
Total number of interactions 
of al l  types. 
7884 + 89 28372 + 167 
Total number of beam tracks. 51693 209587 
Average number of beam tracks per frame 
(includes Pi 's, K's and MU's). 
7.53 15.8 
The average number of beam tracks per frame was determined by counting 
the beam tracks in one view on every f i f th frame. To be counted, a track 
had to remain parallel to the other beam tracks throughout the chamber. 
The count was taken about 20 inches from the entrance of the chamber in the 
direction of the beam. Whether or not a track was parallel to the other 
beam tracks was determined by visual comparison. 
Each event was then measured in al l  three views. The measurements 
were recorded by an IBM card punch. The cards are kept as a permanent 
record of the measured events. The events were then run through a track 
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reconstruction computer program which yielded physical variables such as 
the azimuthal and dip angles, and the momentum for each track and their 
corresponding uncertainties-; The reconstructed events were then fed into 
a kinematical f i t t ing computer program called GUTS. . The version of GUTS 
which was used is described in a report by W. J. Kernan ejt aj_. (29). i t  is 
essential ly an adaptation of the theory descriocc i r, an a. icle by Berge 
and Solmitz (8). 
In the case of the four prongs the program GUTS attempted to f i t  
each cvcnL to oi l  mass hypotheses for four or f ive particles in the f inal 
stale consistent with the selection rules of the strong interactions. The 
program subjected each f i t  to tests on missing mass and chi-square. The 
missing mass test required that the missing mass minus the accepted mass 
of the postulated neutral be less than or equal to three t imes the error 
in the missing mass. The chi-square test for the one constraint cases 
(one missing neutral part icle) required that the chi-square be less than 
nine. 
The criteria used to select the f inal sample of events were determined 
from the data shown in Figures 1 to 4. At the t ime these criteria were 
determined, there was on hand roughly 75% of the total sample that was 
eventually used to make up the f inal sample of events. This part iol 
sample amounted to 1342 events in the f inal state K P TC'"TC r i^ and 784 events 
«J" — 
in the f inal state K N rt jc i r  .  These numbers included events at both 
beam momenta. The selection criteria determined from these events were 
essential ly independent of the beam momentum. The cri teria used to select 
the f inal sample of events were as fol lows: 
1) For the f inal state K P 7:"^Ti the missing mass squared was required to 
5 
be within two standard deviations of the average value of the missing 
mass squared. The distr ibution of the missing mass squared for this 
f inal state is shown in Figure la. The square root of the average value 
of the missing mass squared was 137 MeV/c^ (the accepted value of the 
2 
mass is 135 MeV/c ) .  The average value of the missing mass squared and 
two standard deviations on either" side of the average value are indi­
cated by arrows on Figure la. 
"J" "J" — For the f inal state K N it  i t  j t  1.5 standard deviations were required 
for the same test discussed above. The square root of the average value 
2 
of the missing mass squared was 932 MeV/c (the accepted mass of the 
2 
neutron is 939 MeV/c ) .  The average value and 1.5 standard deviations 
on either side of the average value are indicated by arrows on the missing 
mass squared distr ibution shown in Figure lb. 
2 2) The accepted events were required to have a (chi-square) less than 
2 
or equal to f ive. The % was determined by the kinematical f i t t ing 
2 program GUTS. The ^ distr ibutions are shown In Figures 2a and 2b. 
3) The beam tracks which produced the events had two restrict ions placed 
on their azimuthal and dip angles. First the dip angle of an acceptable 
beam track was required to be within two standard deviations of the average 
value of the beam dip. The distr ibution of the beam dip Is shown In Figure 
3. The upper and lower l imits are indicated by arrows. Secondly the azi­
muthal angle was required to l ie within two prescribed l imits. Figures 
4 and 5 show plots of beam azimuth versus the x coordinate of the vertex 
posit ion. The l imits are Indicated by two parallel l ines on either side 
of the main port ion of the events. These l ines were posit ioned visually. 
These l imits were different for each beam momentum. The 4.6 BeV/c data 
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is shown in Figure 4 and the 5.0 BeV/c data is shown in Figure 5. 
4) The X direction of our coordinate system l ies along the direction of 
the beam. We required that the x coordinate of the vertex posit ion of the 
event be between 10 inches and 60 inches. The center of the 80 inch bubble 
chamber was at x = 42.2 inches. Thus for events at x = 60 inches we could 
st i l l  measure at least 17 inches of track (the remaining 5 inches of track 
at the end of the chamber could not be clearly seen). 
The measured value of the beam momentum was not used in the kinema­
t ic f i t t ing of the event. This was because one can not obtain an 
accurate measurement of tracks having such a high momentum unless 20 or 
more inches of the track are measured. This of course was impossible 
for many of the events since they occurred too close to the chamber 
entrance to have 20 inches of visible track; and furthermore beam tracks 
often overlapped one another in one or more views so that they could not 
be dist inguished from one another. However^ the momentum of the beam as 
produced at the AGS (Alternating Gradient Synchrotron) was accurate to 
within + ]%. To determine the correct value of beam momentum to use 
with the f i t t ing system the measured beam momentum on well measured tracks 
was corrected back to the entrance of the chamber (the location of the 
coordinate system; x = 0 at the entrance and increased along the direction 
of the beam) for energy loss due to ionization and the momentum distr ibution 
was plotted. The average value of the momentum distr ibutions were used 
for the incoming K laboratory momenta in the program GUTS. These values 
were 4.57 + .05 and 5.00 + .05 BeV/c. The beam momentum distr ibutions 
are shown in Figures 6 and 7- The upper distr ibutions (Figures 6a and 7a) 
show the beam tracks whose azimuthal angle lay within the two prescribed 
l imits mentioned above. 
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The lower distr ibutions (Figures 6b and 7b) show the beam tracks which 
lay outside these l imits. The long tai ls on the upper distr ibutions 
(Figures 6a and 7a) primari ly contain events which had only a small 
amount of measured beam track. Of the events in those tai ls, 85% had 
less than 15 inches of measured beam track. 
B. Beam Contamination 
The only contributions to beam contamination would come from pions 
and muons of the same momentum. From data taken at the AGS by placing 
counters in the beam an upper l imit of 20% was set for the combined pion 
and muon contamination in the 4.6 BeV/c data. These results and those of 
delta ray analyses done at both Iowa State and the University of Colorado 
were used to obtain best estimates of the beam contamination. 
Al l  of the beam part icles pions, muons, and kaons have different 
masses and therefore the energy spectrum of the electrons knocked out of 
hydrogen atoms wil l  be different for the three types. Analyses of the 
electron energy spectrums were done by J. T. O'Brien' for the 4.6 BeV/c 
2 
experiment and P. T. Coleman for the 5.0 BeV/c experiment. The best es­
t imates of the beam contaminations are 18 -  6% muons and 1.2 - 1.0% pions 
at 4.6 BeV/c and 8-4% muons and 2 -  1% pions at 5.0 BeV/c. 
C. Other Backgrounds 
One further means of reducing the background in our f inal states was 
used. The bubble density of the tracks is approximately proportional to 
1 J. T. O'Brien, Iowa State University, Ames, Iowa. Beam Contamina­
t ion in 4.6 BeV/c K P Data. Private communication. 1966. 
2 P. T. Coleman, Iowa State University, Ames, Iowa. Beam Contamina­
t ion in 5.0 BeV/c K P Data. '  Private communication, -1966,' 
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2 ] /P (p = velocity of part icle/velocity of l ight). Therefore knowing the 
momentum of the track one can look at the bubble density and decide whether 
or not the mass assignment was a reasonable one. This process wil l  be 
referred to as ion checking. 
Al l  of the 5.0 BeV/c four pronged events for which the GUTS program 
gave a constrained f i t  were ion checked twice and a large share of them 
were ion checked a third time by another individual. The agreement be­
tween the different ion checks was very good. In comparing the two 
different ion checks i t  was found that there was agreement on 95% of the 
events. The 4.6 BeV/c four pronged events which had a f i t  to one of the 
f inal states (1) were also ion checked twice. Figure 8 is a plot of the 
relative track density vs laboratory momentum. This plot was used to make 
al l  of our selections on the basis of ionization. 
Unfortunately one cannot resolve al l  of the ambiguit ies among the 
various f i ts to an event by ion checking. To further discriminate be­
tween two f i ts both of which were consistent with ionization a 5 to 1 
2 2 probabil i ty selection was applied. The % distr ibution can be inte^ 
2 grated to give a probabil i ty which is a function of % and the number of 
constraints, v , as fol lows: 
P( v) .  2" [  r ( v/2 ) l" '  f* e'y/2 y v/?-'  
2 A plot of this function is shown in Figure 9« Using the % which GUTS 
2 provides for each f i t  the % probabil i ty was used to decide whether or 
not one of the f i ts was 5 t imes more l ikely than the rest. i f  i t  was, 
then i t  was considered unambiguous. 
I t  is worthwhile to mention just what weight was given to the ion 
2 
checking. The restrict ions on y and missing mass in the GUTS program 
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serve to reduce the number and types of f i ts assigned to an event. How­
ever, due to errors in the measured variables incorrect assignments 
are bound to appear. A f i t  was called either consistent or inconsistent 
with ionization on the basis of the bubble density alone; no other infor­
mation was used to influence that decision. To say that a f i t  is con­
sistent with ionization means only that one can not rule out (on the basis 
of bubble density) the mass assignments given to any of the tracks, i t  
does not mean that the tracks were uniquely determined to have the mass 
assignments given by the GUTS program. Usually in the case of the four 
prongs, two tracks could be identif ied posit ively, most often a pion and 
a proton. The 5.0 BeV/c data scanned and measured at Iowa State had 834 
events with either a one constraint, a three constraint, or a four con­
straint f i t .  in ion checking these 834 events only one was found with al l  
four tracks posit ively identif ied. 
We consider now some of the remaining ambiguit ies in a sample of 
events. For this purpose the 5.0 BeV/c data scanned and measured at 
Iowa State wil l  be used. In Table 2 are shown the total number of events 
that passed al l  the selection criteria discussed above in both f inal states 
in reaction (1). Also shown in Table 2 are the numbers of ambiguous 
events. Note f irst of al l  that the f inal state K P jt : n :  is ambiguous 
with another permutation of the same charged part icles 16% of the t ime 
(this shall be referred to as the f inal state being ambiguous with i tself). 
One would expect to be able to select the correct permutation at least 50% 
of the t ime. This would mean that of the 19 events which had two f i ts 
each to the f inal state K P -a one should, by selecting one of the 
f i ts at random, pick the correct permutation in 9.5 of the 19 events. 
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The remaining 9.5 events would be the wrong permutation leaving a back­
ground of 8% from these 19 events. The selection in these cases was not 
2 
entirely random however^ since differences in % usually did exist, and 
2 the f i t  with the smallest % and/or the f i t  with the missing mass closest 
to the mass (135 MeV/c^) was always chosen. In view of these considera­
t ions i f  the correct f i t  was chosen 2/3 of the t ime the background from 
this effect would be 5%. Since this is probably the best that one could 
hope to do, i t  seems l ikely that the true background from this effect 
would l ie between 5 and 8%. The value 6.5 + 2.0% was used as an estimate 
of the background from this effect. Furthermore i t  was assumed that this 
percentage held for the remaining data at both momenta (the 4.6 BeV/c 
data indicated an upper l imit of 9% background from this effect.) The 
— "J* •" 
estimated background from picking the wrong permutation in the K N Jt rt it 
f inal state was 2.0 + 1.0 %. 
No correction was necessary to the cross sections for the f inal 
states in reaction (1) for the events ambiguous with themselves since 
one or the other of the f i ts was assumed to be the correçt one. 
The ambiguit ies with other four pronged f inal states were unresolvable 
by any means of selection. However, from arguments based on analysis of 
the 4p|V (four prong one vee) data i t  was evident that most of these 
events really belonged in the f inal states (1). These arguments are 
presented in the discussion of part ial cross sections. As i t  turned 
out, their percentage contribution to the background was 5+2% in the 
K P f inal state and 12+3% in the K N f inal state. 
The effect of excluding the events which were ambiguous with them­
selves was studied and the results did not signif icantly alter any of the 
11 
conclusions. 
Table 2. Numbers of Ambiguous Events in the K P -n j r° and K N 
Final States from the 5»0 BeV/c Iowa State Data. 
K" 
1 Q. K"N + + -Jt Jt îT 
Number % of Total Number % of Total 
Total number of events 119 55 
Unambiguous events 78 65.5 20 36.4 
Number_of events ambiguous 
with K P tCTi .  . 19 16.0 2 3.6 
Number_of events ambiguous 
with K N at it si 2 1.6 2 3.6 
Ambiguit ies with other 
four prong f inal states 20 16.9 31 56.4 
The f inal numbers of events remaining after applying al l  the selection 
criteria were 1305 in the f inal state K P ,  and 701 in the f inal 
state K N .  It required the measuring of some 15,000 four-pronged 
events to produce these data. 
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I I I .  EXPERIMENTAL RESULTS 
A. Total Cross Sections 
The total cross sections reported here for the K P reactions are 
probably not of general interest since they have already been determined 
with 3% accuracy over a wide range of K. beam momentum in counter experi­
ments (5,19). However, they do provide an internal consistency check on 
the data. 
The total cross section is given by 
= (Number of Reactions)/((Beam Track Flux)? 
(Number of Target Centers/cm^)• (Scan Eff iciency)) .  (I) 
Indicated below are the corrections to be made to the data in Table 
1 to get the quantit ies in equation (1). The corrected data are shown in 
Table 3. 
For total cross section the "Number of Reactions" must be corrected 
for K decays and small angle elastic scatters. The decay of the K~ beam 
shows up as a three-pronged or a one-pronged event. 
The correction to the number of beam tracks for attenuation due to 
interactions and muon contamination is given by 
Beam Track Flux = ((Total Number of Beam Tracks)» (1 -  Muon Contamination 
Factor) -  (Total Number of Reactions of al l  types)/2). 
And f inally 
2 Number of Target Centers/cm = ((Avogadro's Number)* (Density of Hydrogen) 
•(Length of Scanned Volume)) .  
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Table 3. Total Cross Section Data. 
4.6 BeV/c 5.0 BeV/c 
Number of Reactions 24500 - 167 7238 - 88 
Scan Eff iciency .95 - .03 .97 - .03 
Elastic Scatter Correction 500 - 22 140 - 12 
Beam Track F1ux 
(Includes TT '  s, K '  s) (157.7 - 12.7)X10^ (43.6 - 3.I)xl0^ 
2 Number of Target Centers/cm (64.8 - 5.7)XL0^3 (65.3 - 5.6)X10^^ 
K Decays (experimental) 43 80 - 66 728 - 27 
Muon Contamination Factor .18 - .06 .08 - .04 
3 Density of Hydrogen (gm/cm ) .0624 - .0010 .0615 - .0010 
Length of Scanned Volume (cm) 1 7 3 - 1 5  178 - 15 
From the data in Table 3 the total K P cross sections were found to 
be 25.2 -  3.1 mb at 4.6 BeV/c and 26.2 t  3.0 mb at 5.0 BeV/c. 
By extrapolating between two values l isted in (19) the total cross 
sections from that data were (25.6 - .7) mb and (24.9 -  .7) mb at 4.6 and 
5.0 BeV/c respectively. One might expect the total cross sections to be 
lower than the accepted values because of the diff iculty in detecting 
certain topological types namely zero prongs and two prong elastic 
scatters where the K" part icle is scattered through a very small angle. 
The diff iculty in detecting these two types is even greater when the 
number of beam tracks per frame is high. This may explain why the 4.6 
BeV/c total cross section was lower since the average number of beam 
tracks per frame was twice that of the 5.0 BeV/c data. The primary losses 
of reactions as reflected in part by the scanning eff iciencies are at­
tr ibuted to these two topological types. 
No corrections to the total cross sections are necessary for pion 
beam contamination, since from the work of Riley et (35) the Tr~P 
total cross section is (29.0 -  .22) mb at 5.0 BeV/c. This is very compar­
able to the 25 mb for our K P data, thus the number of interactions per IT 
beam track is roughly the same as the number of interactions per K" beam 
track. 
B. Four-Prong Cross Sections 
The cross section for the production of the topological type classi­
f ied as four-prongs is of some interest, and cannot be determined in a 
counter experiment. This type contains al l  events which had four charg­
ed outgoing part icles (4P1V, 4P1D, etc. are included). 
There were 2187 four-prongs in the 5.0 BeV/c data and 6554 in the 
4.6 BeV/c data. There were two corrections to be made to these numbers. 
First there was a correction for the number of events which were really 
two-prongs with a Dalitz pair ( e^ e pair at the vertex coming from the 
decay of a 7r°) .  In the 4.6 BeV/c two-prong data there were an estimated 
10,000 two-prongs with unconstrained f i ts, of which nearly al l  would have 
had one or more missing TT^'S .  The 7r° decays via e^e y 1.169% of the 
t ime. A reasonable assumption seemed to be that 1/3 of the unconstrained 
two-prongs would have had one missing 7r°, 1/3 two missing 7r°'s. and 1/3 
three (or more) missing j t° 's. This assumption was based on the numbers 
of events having four or more charged part icles in the f inal state. Thus 
i t  was assumed that events having only two charged part icles and the 
remainder neutral would be produced roughly in the same quantit ies as 
would events having four or more charged part icles but the same total 
number of part icles in the f inal state. With this assumption the correc­
t ion factor for this effect was 3.O -  3.0% This correction assumed that 
none of the Dalitz pairs would have been detected as such (although some 
would, part icularly those associated with events with many missing pions.) 
The same correction factor was used for both beam momenta. 
The second correction was for the number of three prong Tau decays 
that were recorded as four prongs. There are events where the proton is 
given such a low momentum that i t  either can't be seen at al l  or shows 
up as a very short bl ip at the vertex. Such a bl ip at a vertex can 
appear for other reasons as well,  e.g. low energy electrons, or perhaps 
just stray bubbles. When these spurious bl ips occur with Tau decays, 
they could be placed in the fpur prong cqtagory. There was no correction 
to the Ù BeV/c data for this effect since the expected and observed 
numbers of Tau decays agreed within statist ical error. However, in the 
4.6 BeV/c data there should have been 428 Tau decays but only 370 events 
were recorded as three prongs. Most l ikely the missing Tau decays were 
recorded as four prongs. Thus 58 events were subtracted from the four-
prong sample. 
With these corrections, the number of reactions to use in formula (1) 
was 2110 -  89 and 6262 -  242 four pronged events in the 5.0 BeV/c and 4.6 
2 BeV/c data respectively. The beam track f lux and target centers/cm 
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were the same as l isted in Table 3. The four-prong cross sections were 
(6.1 - 0.7) mb and (7.3 -  0.8) mb at 4.6 and 5.0 BeV/c respectively. 
Klein e^ (31) report a TT P four-prong cross section of (5.0 -
.12) mb at 2.7 BeV/c. in order for pion contamination to cause a 2% 
error in our four-prong cross section at 5.0 BeV/c, the TT'P four-prong 
cross section would have to be 15 mb at that momentum. One would not 
expect this since as was pointed out earl ier the total TT P and K"P cross 
sections are about the same at 5.0 BeV/c. 
Finally, the cross sections for the production of the two f inal states 
in reaction (1) are calculated. This calculation was done inside an exact 
f iducial length of 127.8 cm. The fol lowing equation was used to calculate 
the number of events produced in the reaction (1); 
% Nj 
"t  îj ( f ,) (f;) (f j) (fg) .  (2) 
The values of these factors are shown in Table 4 and each factor is dis­
cussed in detai l  below. The scanning eff iciencies are ^100%. 
represents the total number of four-prong events that were submit­
ted to GUTS (al l  numbers etc. were determined from events lying 
inside the f iducial length of 127.8 cm). represents the total number 
of events that could yield the f inal states in reactions ( la and lb), i t  
includes corrections for nonmeasurable events, Tau decays, and four-prong 
one decay events. The work of Loos et £l_. (33) showed that approximately 
1/2 of their sample of four-prong one decays had TT- or K decays which 
could produce the f inal states (1). Their data came from two K P experi­
ments at 4.1 and 5.5 BeV/c. n^ represents the number of events out of the 
sample that produced a f inal state in the reaction (1). Al l  of the 
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Table 4. The Cross Sections for the Final States K P TrV 7r° and 
— -J- + •• 
K N TT TT TT 
4.6 5.0 
For the State k"p ttV'tt^ 
Ne (Number of reconstructed 4P events) 2751 -  57 895 -  18 
(Calculated number of 4P events) 3772 -  211 1288 -  55 
"e 
^2 
(Events passing al l  restrict ions) 
(rnr^ background correction factor) 
(A°,K° background correction factor) 
396 -  20 
.97 - .02 
.95 - .02 
119 -  I I  
.97 - .02 
.95 - .02 
^3 (pion beam contamination factor) .99 - .01 .98 - .02 
(Beam track correction factor) 1.09 -  .02 1.16 i .02 
(Missing mass restrict ion factor) 1.06 -  .02 1.05 -  .02 
(Calculated number of reactions) 575 -  50 191 -  21 
CT (Cross Section mb) 
.76 - .09 .93 - .12 
For the State k"n î tW" 
% (Number of reconstructed events) 2751 -  57 895 -  18 
^t (Calculated number of 4p events) 3772 - 211 1288 -  55 
n 
e 
(Events passing al l  restrict ions) 244 - 16 55 -  8 
(hir° background correction factor) 
(A°,K° background correction factor) 
.97 - .02 
.88 - .03 
.97 - .02 
.88 - .03 
'3 (Pion beam contamination factor) .99 - .01 .98 - .02 
(Beam track correction factor) 1.09 -  .02 1.16 - .02 
'5 (Missing mass restrict ion factor) 1.05 -  .02 1.06 - .02 
"t (Calculated number of reactions) 322 t  32 81 -  13 
a (Cross section mb) .42 - .06 






events n^ passed the selection criteria mentioned earl ier in the experi­
mental procedure, f^ is a correction factor for the number of K P 71 
(n#°) events in our sample where n k 2. f^ Is a correction factor for 
background coming from events that had a A° or a K ° whose decay was 
unseen, f^ is a correction factor for the pion beam contamination. 
Since there were special requirements on the beam tracks that produced the 
events the same restrict ions must be placed on the beam track f lux 
that is used in equation (1). f^ is the factor which takes into account 
these restrict ions on the beam tracks, f^ is a factor which corrects for 
2 the events that were el iminated by the missing mass and X restrict ions. 
Some of these fai lures were from events which had tracks that could not 
be measured accurately and therefore got a poor f i t .  
Consider f irst the factor f |  for the reaction la. One would expect 
events with two or more missing neutrals to have a missing mass greater 
than (2 X mass)^. This would cause the missing mass squared distr ibu­
t ion shown in Figure la to be asymmetric with the r ight half containing 
more events than the left. By folding the left half over the excess of 
events in the r ight half can be determined. The excess of events was 
1.0% of the total and was considered to be a lower l imit for the njt° 
background. As an upper l imit, al l  of the events in the two pion effec­
t ive mass region were considered as contamination (that is al l  the events 
between 73,000 (MeV/c^)^ and 100,000 (MeV/c^)^ which was the upper l imit 
of two standard deviations). This gave 3.7% n:n:° contamination. 
i t  is possible for an event with two or more missing pions to have 
a missing mass below the two pion phase space lower l imit. This could 
happen i f  the masses are incorrectly assigned to two tracks of the same 
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charge and there is in addit ion a large momentum difference between the 
tracks. However, when there is a large momentum difference between tracks, 
the chances are very good that one of them can be identif ied by ion chock­
ing thus reducing the possibi l i ty of such an event gett ing into our sample. 
By a large momentum difference we mean around 1000 MeV/c. One might sus­
pect the events which are ambiguous with themselves to be the most l ikely 
candidates for njr° contaminates. These events come from cases where the 
momentum difference between two tracks is small ( less than 3OO MeV/c 
as a rule). But in these cases the missing mass is about the same re­
gardless of the order in which the masses are assigned. Twelve percent 
of the events were in the category of small momentum difference, i f  half 
of these were fake f i ts the njr° contamination could have been as high as 
6%. 
Since the missing mass was calculated from measured variables one 
might expect the lower l imit for two pion phase space to extend below the 
theoretical value due to measuring errors. To check this the effective 
mass for the two charged pions was calculated for events in the f inal 
state K P Tt° using their measured variables. Out of 487 events not 
2 
one of the result ing effective masses were below 270 MeV/c .  
From the 5-0 BeV/c data 9 events were found which gave a four con­
straint f i t  to the six prong f inal state K P jt ,  (of which only 
two were consistent with ionization). Even I f  there were two or three 
•" "I" "• O O 
t imes as many events of the type K P rt 7: i : 7: ^ by the t ime these events 
were subjected to al l  of the selection criteria the number giving 
accidental f i ts to the f inal state la would be quite small. 
In view of the foregoing the estimate of the njt° contamination in 
the f inal state K P n :rt° was 3.0 - 2.0%. 
There was a possibi l i ty of background coming from the four constraint 
+ -
f i n a l  s t a t e  K  P  : r  i t  .  I n  g e n e r a l  i t  w a s  f o u n d  t h a t  w h e n e v e r  a  f o u r  c o n ­
straint event of this type was found i t  was unambiguous and consistent 
with ionization. This was true more than 90% of the t ime. Therefore 
whenever an ambiguity arose between the states K P it and K P TT'TT 
the former was always chosen unless the mass assignments were the same in 
2 both cases and the latter had a much better X and missing mass. This 
happened only once or twice out of the entire sample of 130 four constraint 
events in the 5-0 BeV/c data. The entire sample of 5.0 BeV/c four prongs 
was rerun through GI3TS with the missing mass restrict ion on the one con­
straint f i ts opened up to 5 t imes the error and on the four constraint 
f i ts to 20 t imes the error. There were 24 new iC's and 20 new 4c 's and 
no ambiguities between them. in view of this the background from the 4C 
category was assumed to be 1.0 - 1.0%. 
The factor f^ was determined from the 5*0 BeV/c 4PIV (four prong one 
vee) data. The \! can be produced either from the decay of a A° part icle 
into a proton and an or from the decay of a K ° i  nto a t: pair. The 
A° decays into a (proton, jt )  66% of the t ime and a (neutron, 3r°) 36% of 
the t ime. The K°is considered to exist in the two states K°g and 
with equal probabil i ty, but each with different l i fe times, i t  is the 
decay of the short l i fet ime state K°g which is observed. The decays 
via 70% of the t ime and 30% of the t ime. This means that for 
every 4PIV event where the V came from the decay of a there must 
have been two 4P events in the same f inal state with the K s unobserved. 
Similari ly for every two 4PIV events where the V's came from the decays 
of A°'s, there must have been one 4P event in the same f inal state but an 
unseen decay of the A°. 
In Table 2 are l isted the number of ambiguit ies with other 4P f inal 
states. These "other states" al l  involve a missing neutral which has 
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charged decays into either a proton, rt or a i t  ir .  The charged decays 
(the vee's) with their corresponding 4P's form the sample of 4P1V events. 
The neutral decays and the unobserved decays with their corresponding 4P's 
fal l  into the 4P sample. The 4PIV events were f i t  both with the V and 
without \ t ,  and the complete sample was ion checked. Before accepting a 
f i t  to these events i t  was required that both the V and the 4P be con­
sistent with the V that was produced. When f i t t ing to just the 4P vertex 
in the 4PIV event sample the 4P topologies were used. Thus i t  could be 
determined how often events typical of the 4P1V f inal states but with an 
unseen V gave fake f i ts to the f inal states in reaction (1). The same 
correction factors were assumed to hold for the 4.6 BeV/c data. For the 
f inal state K P j t° f^ was .95 ~ .02, and for the f inal state 
K N : ! i^f^ was .88 - .03. 
The k"n yc^n njt° (n^ l)  background in the K N n f inal state 
was deter m i n e d  i n  t h e  s a m e  m a n n e r  a s  p r e v i o u s l y  d e s c r i b e d .  T h e  l o w e r  l i m i t  
was determined by folding the left half of Figure lb over and counting 
the excess of events in the r ight half. The missing mass squared dis­
tr ibution in this case appears to be very symmetric about the average 
value. The result of folding gave a lower l imit for njt° contamination 
consistent with zero. Furthermore the upper l imit of 102.8 x 10^ 
2 2 (MeV/c ) (1.5 standard deviations above the average value) is less than 
the 115.3 X 10^ (MeV/c^)^ lower l imit for the neutron effective mass. 
The probabil i ty of a K P k njt° (nS 2) state giving a fake f i t  to the 
state (lb) would be less than the probability for a fake fit with n = o, 
or 1. Yet as can be seen from Table 2 the f inal state la is ambiguous 
with the f inal state ( lb) only 3% of the t ime. In view of this the njt° 
contamination in the state ( lb) was set at 3.0 - 1.5%. 
As mentioned earl ier the factor f^ was Included to correct the over­
al l  beam f lux for the restrict ions placed on the beam tracks that produced 
an event in reaction (1). These restrict ions eliminated 8.6% and 14.0% 
of the beam tracks in the 4.6 and g.0 BeV/c data respectively. 
Finally the factor f^ which corrects for pion beam contamination Is 
determined. A i t  P experiment at 4.7 BeV/c was done by Samios -et aj_. (37) for 
which they reported on the f inal states in reaction (2). We deduced from 
their data a cross section of 1.10 - .22 mb for the state (2a) and .gl -  .11 
mb for the state (2b). I f  the cross sections for the analogus reactions 
( la) and ( lb) are of the same order of magnitude as those above, then the 
correction for pion beam contamination wil l  be quite small. Cross sections 
of .60 mb and .31 mb were obtained for ( la) and ( lb) respectively with f^ 
set equal to 1.0. Therefore the corrections to be made to the cross 
sections for pion beam contamination were less than 2%. . 
fg was determined by considering the events that fai led the missing 
2 
mass and X tests, but were st i l l  consistent with ionization. The number 
2 
of events in this category that fai led the % test was insignif icant. 
The effective mass distr ibution was plotted using these events and 
i t  was noted that the K ° (890) (a strong enhancement in our data) was 
only a 6% effect as opposed to 19% effect In the data passing al l  re­
str ict ions. I t  was therefore assumed that 1/3 of the events fai l ing the 
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missing mass cri teria belonged in the reactions la and lb. Therefore an 
increase of approximately 5% was required in the numbers n^. 
The cross sections for the f inal states la are .76 - .09 mb and 
.93 - .12 mb at 4.6 and 5.0 BeV/c, respectively. For f inal states lb 
they are .42 - .06 mb and .39 - .07 mb at 4.6 and 5.0 BeV/c, respectively. 
C. Effective Mass and Angular Distr ibutions 
1. General discussion 
The intent of this section is to present the effective mass dis­
tr ibutions for both f inal states and discuss their prominent features. 
More detai led discussion of some of the features of these distr ibutions 
wil l  be discussed in later sections. Each mass combination and whatever 
f i ts were made to I t  wil l  be mentioned. At the end of this section a 
summary of the resonance production is given. 
The definit ion of the effective mass squared is: 
= ( z E. )2 _ ( z p. )2 (3) 
i=i i=i 
where M is the effective mass squared, E. and P. are the energy and 
momentum of the i  ^  particle in the f inal state. "L" is the number of 
part icles in the effective mass combination. 
The effective mass distr ibutions that indicated one or more possible 
resonances were f i t  by an equation of the fol lowing form: 
u ^ = [ i + s  ] ( C ) ( P S ) .  W  
" (M|^  - M,) + (r/2) 
U|^ is the value of the function at the k ^ bin. CPS^ is the phase space 
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contribution to the distr ibution at the kth bin. N is the number of 
resonances present in the distr ibution. The factor 
^i ( ^1/2)2 
(M. -  M.)^ + ( ^i/2)^ is the Breit V/igner form with F. the ful l  width at 
half maximum and M. the central value of the mass of the i th resonance. 
C. then gives the amplitude of the i_^ resonance. is the effective 
mass at the midpoint of the k bin. 
The C . J  r. J  and M. were regarded as variable parameters and C was 
recalculated at cach step of the f iLt ing procedure to normalize the cal­
culated function to the experimental distr ibution. 
Two methods were used to f i t  the function U to the effective mass 
2 2 distr ibutions. First the minimization of the x j  where % was defined as: 
« N .  
X = 2 [  (EXP DIST). -  U. ]  
j=l J J 
" j  
N is the number of bins in the distr ibution. The quantity (Exp Dist) j  
is the number of events in the j  jdn bin and U is the value of the calcu­
lated function at the midpoint of the j  bin. This method was used to 
2 f i t  t h e  d i s t r i b u t i o n s  t h a t  e x h i b i t e d  f a i r l y  s m o o t h  b e h a v i o r .  T h e  %  w a s  
minimized by varying the parameters C.^ and Mj in equation 4 .  The 
second method used was the method of Maximum Likelihood. The Likelihood 
N 
was defined by Likelihood = % U.. The Uj were calculated by equation (4). 
i=l '  
for each event, where N is the total number of events. The l ikel ihood 
was maximized by varying the parameters C.; Fj and M.. The advantage of 
2 t h i s  m e t h o d  o v e r  t h e  X  m e t h o d  i s  t h a t  i t  d o e s  n o t  d e p e n d  o n  t h e  p a r t i c u l a r  
choice of bins or bin widths that one happens to make. 
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2 Bin widths of  20 MeV/c were used in  the d is t r ibut ions that  indicated 
2 
signi f icant  resonance act iv i ty  when f i t t ing wi th the X method.  The 
2 
choice of  20 MeV/c seemed to be reasonable s ince the error  in  the 
ef fect ive mass var ied f rom 10 MeV/c^ for  the proton ef fect ive mass at  
1236 MeV/c^ to 30 MeV/c^ for  the j t °  e f fect ive mass at  784 MeV/c^» By 
choosing b ins 2 or  3 t imes wider than the error  in  the ef fect ive mass one 
is  apt  to  lose some of  the st ructure.  
The ef fect ive mass error  tends to widen the resonances so that  the 
exper imental  width is  usual ly  greater  than the t rue width.  In  th is  sense 
then using the Brei t  Wigner shape to f i t  resonances in  exper imental  data 
is  not  s t r ic t ly  correct .  Probably a bet ter  funct ional  form to use would 
be a Brei t  Wigner that  has been spread wi th a gaussian error  funct ion.  
Such a funct ion would be descr ibed as fo l lows:  
R (M, Mo, r ,  a )  = C J (  e d M' .  (5)  
[( + ( R/2)^ ] /2JT A 
The var iance o would be the energy resolut ion (or  ef fect ive mass error) ,  
r ,  M, and Mp are the same as def ined ear l ier  except  that  here T would be 
the in t r ins ic  or  t rue width of  the resonance.  By us ing th is  pr inc ip le 
the energy resolut ion correct ion curves shown in  Figure 10 were generated 
by a Monte Car lo technique.  The var iable in  the x d i rect ion is  the energy 
resolut ion or  ^  in equat ion 5 •  The var iable in  the y d i rect ion is  the 
fu l l  width of  R (M, Mo, F,  er )  a t  hal f  maximum. The in tercept  of  the 
curves wi th the y ax is is  the in t r ins ic  width f  of  the Brei t  Wigner.  
F igure 10 was used to determine the ef fect  of  energy resolut ion on 
some of  the resonances in  our data.  
The factor  "PS" in  equat ion k  was inc luded to f i t  the background 
in  the ef fect ive mass d is t r ibut ions.  Ordinar i ly  one at tempts at  f i rs t  to 
f i t  the background according to phase space d is t r ibut ions.  i t  was 
ev ident ,  however,  that  in  some cases phase space was not  adequate to 
descr ibe the background.  Since the data showed st rong evidence for  the 
A ^*(1236),  K"°(890) j  and w°(784),  weight ing phase space according to the 
d is t r ibut ions in which these resonances appeared might  account  for  the 
k inemat ical  e f fect  these resonances have in  other  ef fect ive mass d is t r i ­
but ions.  To do th is  we generated IOO8O events wi th the f ive part ic les 
K P i t  % TC° in  the f inal  state by a Monte Car lo technique.  The outgoing 
par t ic les were required to be isotropic in  the angle between the incoming 
K d i rect ion and the outgoing par t ic le d i rect ion in the overal l  center  of  
mass.  Their  momenta were generated according to phase space.  To make 
sure that  the ef fect ive mass p lots f rom these phase space events real ly  
d id have the correct  phase space shape (before weight ing)  they were 
compared wi th the corresponding phase space funct ions as calculated f rom 
the theoret ica l  phase space in tegrals (24) .  The agreement was very good.  
Since par t  of  the data was at  4.6 BeV/c and par t  at  5«0 BeV/c,  a propor­
t ionate number o f  phase space events were generated at  each momentum. 
To expla in more c lear ly  how the weight ing was done consider  the 
fo l lowing:  Suppose the IOO8O phase space events were weighted according 
to the Pît"*"  e f fect ive mass d is t r ibut ion and then the PTr"*"  d is t r ibut ion was 
p lot ted f rom the weighted events.  The resul t  would be a d is t r ibut ion which 
looked exact ly  l ike the exper imental  Pj t "^  d is t r ibut ion.  
The reason for  doing th is  was s imply to t ry  and account  for  the 
k inemat ic  ef fects the st rong resonances have on the other  ef fect ive mass 
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dist r ibut ions.  The resul ts  were qui te good and the d i f ference between 
weighted phase space and ord inary phase space is  pointed out  on several  
o f  the ef fect ive mass d is t r ibut ions.  
" «Js mm 
The phase space used for  the K N :n:  j t  jc  e f fect ive mass d is t r ibut ions 
urn 
was weighted on the K Jt  and the N j t  d is t r ibut ions in  the same manner as 
descr ibed above.  
Previously the background present  in  the f inal  states la  and lb  was 
d iscussed f rom the standpoint  of  making correct ions to the cross sect ions.  
As far  as the cross sect ion calculat ions were concerned,  no correct ion 
for  Jt  beam contaminat ion was necessary.  Nevertheless i t  is  important  to  
know the tota l  amount  o f  background in  the sample and th is  inc ludes con­
taminat ion f rom Jt beam t racks.  The Colorado group determined the j t  
beam contaminat ion to be 8% at  5» 0 BeV/c (we found 2%) and 1.2% at  4.6 
BeV/c in  agreement wi th our f igure of  1.2%. They a lso found that  the cross 
sect ion for  i t  beam t racks g iy ing fake f i ts  to the f inal  s tate K Pi t  j t  
was 4% of  the cross sect ion for  K beam t racks g iv ing the same f inal  
state,  An uppgr l imi t  on the tot§1 background set  by assuming that  
the cross sect ion for  j t  beam t racks g iv ing fake f i ts  to the f inal  states 
la  and lb  was equal  to  the cross sect ion for  K beam t racks g iv ing real  
f i ts  to the f inal  states (1) .  in  addi t ion the resul ts  of  the Colorado 
group for  the j t  beam contaminat ion were used on thei r  data.  
The tota l  background was 19% in  the K at°  f ina l  s tate ( th is  
inc ludes 7% ambigui t ies,  5% fake f i ts  f rom 4 PIV sample,  3% n j t°  back­
ground n s  2,  4% p ion beam contaminat ion) .  The tota l  background in  the 
K Nj t '^ ' j t ' ^ j t  f ina l  s tate was 21% ( th is  inc ludes 2% ambigui t ies,  12% fake 
f i ts  f rom 4PIV sample,  3% n j t°  background n ^  1,  4% p ion beam contaminat ion) .  
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These background est imates are probably a l i t t le on the high side i f  any­
thing, since i t  is l ikely that,  to certain extent ,  double count ing of 
events occurred. For example i t  is reasonable to expect that events 
making up the nrt° background are also the most l ikely candidates to fal l  
in the ambiguous category. These considerat ions are of course second order 
ef fects. The background is not expected to cause any sharp effects in the 
various effect ive mass and angular distr ibut ions. The reason for this is 
that i t  consists of many di f ferent f inal  states. The njL° background could 
contr ibute to K and N product ion but the cross sect ions for these res­
onances from this background are unknown. The pion beam background would 
also contr ibute to N product ion. Some of the fake f i ts from the 4P1V 
category could contr ibute to N product ion. The events in the ambiguous 
category could be contr ibut ing to both i< and N product ion. i t  is di f ­
f icul t  therefore to correct the part ial  cross sect ions for the effect of 
the background. The errors in the part ial  cross sect ions take into account 
the background. 
I t  was mentioned earl ier that rhe f inal  sample of  events was selected 
from a larger sample. Al l  events in the larger sample were consistent 
with ionizat ion. As i t  turned out,  433 K P^t ' r^ Tt° events were el iminated 
from the larger sample by missing mass restr ict ions, beam restr ict ions, 
etc.  in l - igure 11 the effect ive mass distr ibut ion for the K TC combina­
t ion from these 433 events is shown. Weighted phase space has been super­
imposed on this distr ibut ion for comparison. The K °  (890) resonance, 
which was a 20% effect in the selected sample, is only a 6% ef fect  in 
this sample.  This is evidence for the necessity of  the select ions made 
on the data. 
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2.  The f inal  s tate K P ic°  
There are 1305 events in  the combined data for  th is  f inal  s tate.  
There are 25 d i f ferent  two,  three,  or  four  body ef fect ive mass combinat ions.  
The mass d is t r ibut ions were f i t  wi th e i ther  weighted phase space,  or  
weighted phase space p lus nonrelat iv ls t ic  Brei t  Wigner funct ions where 
resonance act iv i ty  was indicated.  Addi t ional  invest igat ion of  the 
st ronger mass enhancements inc luded center  of  mass angular  d is t r ibut ions,  
4 momentum t ransfer  d is t r ibut ions,  and a study of  the decay propert ies 
of  the enhancements.  The procedure used here to  approximate the back­
ground when studying these d is t r ibut ions was to  combine the events f rom 
the mass regions just  above and below the resonance,  and d isplay the 
corresponding d is t r ibut ion for  those events.  This procedure is  not  a l ­
together sat is factory because the mass regions f rom above and below the 
resonance under considerat ion very l ike ly  contained d i f ferent  numbers of  
events belonging to other  resonances.  The background,  a f ter  a l l ,  in  th is  
f inal  state contained only a very few pure phase space events.  
+ 2 
Figure 12a shows the Pit  e f fect ive mass spectrum in 20 MeV/c b ins.  
This d is t r ibut ion shows a s t rong peaking centered at  approximately 1200 
2 MeV/c .  The enhancement,  which is  an 8 standard deviat ion departure f rom 
phase space,  is  assumed to be the .  The d is t r ibut ion was f i t  
wi th a s ingle resonance funct ion p lus a phase space background weighted 
on the K and mass d is t r ibut ions.  The weighted phase space 
peaked at  a lower mass value than unweighted phase space,  and in  th is  case 
tended to reduce the number o f  events in  the peak.  The smooth curve 
shows the maximum l ike l ihood f i t ,  and the f i t ted values of  the centra l  
mass and width are l is ted in Table 5.  I t  has been shown (25) that  the 
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width of  a resonance is  a funct ion of  the mass of  the resonant  s tate 
and the orb i ta l  angular  momentum of  the decay par t ic les.  This fact  is  
taken in to account  by the re lat iv is t ic  Brei t  Wigner formula.  The t rue 
++ 
mass and width of  the A which show up exper imental ly  at  lower and narrower 
values,  respect ively,  can be determined by us ing the re lat iv is t ic  Brel t  
Wigner formula.  Since the resonances that  appear in  th is  data have,  for  
the most  par t ,  a l ready been wel l  establ ished,  the main in terest  is  In the 
st rength of  the resonance which can be adequately determined by us ing the 
nonrelat iv is t ic  Brei t  Wigner formula.  The exper imental  masses and widths 
found in  our  data are consistent  wi th masses and widths found in  other  
exper iments.  
The errors in  the re lat ive resonance contr ibut ions are determined by 
one of  two methods.  in  some cases a lower l imi t  was set  by count ing the 
number o f  events above a weighted phase space curve normal ized to the 
tota l  number o f  events in  the d is t r ibut ion.  Then a best  est imate was made 
tak ing into considerat ion the amount determined f rom the f i t ,  possib le 
in ter ference ef fects,  and ref lect ions of  other  resonances.  The error  was 
est imated to be some f ract ion of  the d i f ference between the best  est imate 
and the lower l imi t .  in  no case was the error  est imate less than the 
s tat is t ica l  uncerta inty in  the enhancement.  The s tat is t ica l  uncerta inty 
(or  a s tandard deviat ion)  was considered to be the square root  of  the tota l  
number of  events in  the mass range of  the resonance» A standard deviat ion 
( referred to f requent ly  in  the text)  as determined above is  the second 
method of  referr ing to errors.  
Resonances near the peak of  phase space int roduce another problem 
In  the f i t t ing procedure.  In these cases,  the width is  usual ly  over­
est imated by the f i t  and causes the resonance funct ion in  Equat ion 
4 to account  for  more events than can be reasonably a l lowed.  In these 
cases the width of  the resonance was f ixed at  a value determined v isual ly  
f rom the mass d is t r ibut ion.  
Figure 12d shows the center  of  mass angular  d is t r ibut ion for  the A 
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events in  the region 1210"50 MeV/c .  This s l ice Is  20 MeV/c narrower 
than the accepted value of  the width.  By s l ic ing on just  the centra l  
area of  a resonance a h igher s ignal  to  background rat io  can be achieved.  
This should cause any s igni f icant  departures f rom background in  the angular  
d is t r ibut ions to stand out  more c lear ly .  The unshaded area is  the d is t r i ­
but ion before background subtract ion,  and the shaded area is  the d is t r ibu­
t ion wi th background removed.  The background was formed by s l ic ing above 
and below the A region.  The angle In th is  case is  the angle determined 
in  the overal l  center  of  mass between the incoming beam par t ic le and the 
sum of  the momenta of  the outgoing proton and j t  par t ic les.  Both d is­
t r ibut ions are backward peaked,  but  the d is t r ibut ion wi th background re­
moved is  more s t rongly peaked than the gross d is t r ibut ion.  This Indicates 
that  the A I  s formed in  react ions where the momentum t ransfer  to the 
Pjt"^  system I  s sma 11.  
F igure 12c shows the 4 momentum t ransfer  d is t r ibut ion for  events in  
-H* 
the A region.  The smooth curve indicates the background formed by s l ices 
above and below the A ,  normal ized to the est imated background contr i ­
but ions in  the A"*"*"  region.  This d is t r ibut ion shows an excess of  events 
over background below 1100 MeV/c.  By requir ing the events In the A 
region to l ie  in the region of  low 4 momentum ( less than 1100 MeV/c)  i t  is  
32 
evident  that  the background can be reduced.  With th is  requirement and 
mm 
also the requirement that  the events must  not  have a K Jt  e f fect ive mass 
in  the K °  region,  890 ^  30 MeV/c,  the decay angular  d is t r ibut ion was 
shown in  Figure 12b.  The decay angle is  the angle between the outgoing 
++ 2 
and incoming proton as computed in the A rest  f rame. The probabi l i ty  
2 for  an isotropic f i t  to th is  d is t r ibut ion is  .20 ( the probabi l i ty  refers 
2 
to  the probabi l i ty  for  get t ing a larger  % ) .  I t  has been shown (21)  that  
the 6*^(1236) resonance is  formed by an e last ic  scat ter ing process in  jt"*"? 
react ions.  The angular  d is t r ibut ion of  the e last ic  scat ter ing for  spin 
J  = 3/2 is  
I  (8)  = a (1+b cos^e) (7)  
where b = 3°0.  The decay angular  d is t r ibut ion shown in  Figure 12b suggests 
2 
a cos 0 dependence.  A f i t  to th is  data using Equat ion (7)  gave b = 1.4 
2 




could be contr ibut ing to the product ion of  the A where the exchanged N 
scat ters e last ica l ly  of f  the proton.  
"t" •" O "t* "I" "" o 
Ef fect ive mass spectra for  Pk •;( , Pn n , ?n K , and Pn Jt Tt  were 
•[ -|- "J" 2 
displayed using events in  the A region,  1210 -  50 MeV/c .  There was 
some evidence in the P:t" ' " j t  d istr ibut ion for  the N (1525) and N ( I688) ,  
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both of  which have decay modes.  These N enhancements were 2.5 to 3.0 
standard deviat ion ef fects (18 events in  the N'  (1525) peak and 24 events 
in  the N (1688) peak over weighted phase space).  
Possib le one par t ic le exchange processes leading to product ion of  an 
N ( I  = 1/2)  or  a h igher A (h igher refers to the mass of  the resonance;  
the A symbol  denotes an I  = 3/2 strangeness zero baryon system) which can 




N or  A 
TT 
A 2.5 standard deviat ion enhancement a t  I85O MeV/c (20 events)  was observed 
in  the P3t '^ :n:°  d is t r ibut ion when select ing on the A ( I23Ô).  A resonance 
+ o 
in  the P- j t  - j t  d is t r ibut ion would have to have I  3/2,  therefore only the 
second of  the two processes considered above could produce such a s tate.  
The F i rs t  process shown above a l lows for  the possib i l i ty  of  0 K resonance 
at  the upper ver tex.  I t  was est imated that  approximately 30% (30 events)  
o f  the K (890)  is  produced in  conjunct ion wi th the A^^ (1236)0 There 
were no s igni f icant  enhancements observed in  the P:n: '^K mass d is t r ibut ion 
and only some very weak enhancements ( less than 2 standard deviat ions)  in  
•J* O I P 
the PTC j r  7t  mass d is t r ibut ion f rom the select ion of  A 
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Figure 13 shows the Pir  mass d is t r ibut ion in 20 MeV/c b ins.  The 
smooth curve is  weighted phase space normal ized to the exper imental  d is-
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t r ibut ion.  A 2 s tandard deviat ion enhancement is  observed in  the gross 
d is t r ibut ion in the region where the A° (1236) may be expected to con­
t r ibute.  The A° is  est imated to be a 2.0 -  1.0% ef fect .  The A° can be 
produced in  conjunct ion wi th the K -  (890) resonances.  By d isplay ing 
the Pi t  d is t r ibut ion for  events in  the K -  (89O) regions i t  is  roughly 
est imated that  at  most  50% of  the A° is  produced in  th is  manner.  The 
O N (1400) and other  h igher baryon resonances are est imated to contr ibute 
less than 2% in  the channel .  
F igure l4a shows the Pj t°  mass d is t r ibut ion in 40 MeV/c^ b ins.  The 
d is t r ibut ion was f i t  wi th a s ingle Brei t  Wigner funct ion for  the A*^ ( I236) 
2 
resonance p lus weighted phase space background.  The % probabi l i ty  for  
2 the f i t  was .05 indicat ing that  the chances of  get t ing a larger  % are 
only 5%. The cause of  th is  apparent ly  poor f i t  is  the unusual ly  steep 
s lope of  the d is t r ibut ion at  low mass.  A possib le explanat ion for  th is  
is  that  the 3t°  which is  present  here has larger  errors associated wi th 
i ts  momentum and d i rect ion angles than do the measured t racks.  This may 
be causing the A*^ f rom the Prt°  par t ic les to spread out ,  and,  s ince i t  is  
a l ready c lose to the k inemat ic  lower l imi t ,  g ive r ise to the steep 
s lope;  however th is  possib i l i ty  has not  been complete ly  invest igated,  
in  the f i t t ing procedure i t  was necessary to constra in the width of  th is  
resonance to prevent  i ts  contr ibut ion f rom becoming too large.  
F igure l4b shows the center  of  mass angular  d is t r ibut ion of  the A"^ 
w i th a background subtract ion formed f rom s l ices above and below the peak 
region.  The d is t r ibut ion is  def in i te ly  backward peaked indicat ing pro­
duct ion wi th low 4 momentum t ransfer .  F igure l4c shows the d is t r ibut ion 
of  the 4 momentum t ransfer  to the A"^.  There is  an excess of  events over 
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2 + background below 13OO MeV/c .  The decay angular  d is t r ibut ion of  the ^  was 
s tudied wi th var ious cuts on 4 momentum t ransfer  and excluding resonances 
2 involv ing the same par t ic les.  The % probabi l i t ies for  isotropic f i ts  
to the various decay angular distributions ranged from .85 to .35» 
The PTC j r  , Pre i t  n ,  Pir  j t  ,  and K i t  j t  mass d is t r ibut ions were d is­
played for  events in  the Pjr°  mass range,  1220 -  60 MeV/c^.  The f i rs t  two 
of  these show no s igni f icant  mass enhancements.  A 2.5 standard deviat ion 
enhancement a t  I85O MeV/c^ was observed in  the Pi t  mass d is t r ibut ion.  
A enhancement a t  1850 MeV/c^ was noted previously in  th is  report .  
There is  some evidence,  then,  for  a A" ' "^(1850) in  two of  the four  possib le 
12 = 3/2 decay modes of  an I  = 3/2 baryon resonance in  th is  data ( the 
i -spin could be greater  than 3/2 a l though no such i -sp in mul t ip lets have 
been establ i  shed).  
mm Mi 
The K j t  d is t r ibut ion exhib i ted an excess of  events over background 
2 in  a region extending f rom I26O to  I5OO MeV/c (approximately a four  
standard deviat ion enhancement.  This region in  the Ki tJ t  spectrum has been 
the topic of  some recent  s tudies (^ ,  7)  and the possib i l i ty  of  2 or  
more st range meson resonances ex is t ing in  th is  mass range has been 
suggested.  One of  these,  the K • (1420) is  fa i r ly  wel l  establ ished.  I t  
represents a 2 standard deviat ion ef fect  in  the K TT i t  mass spectrum for  
a select ion on the PTt°  region,  1220 -  60 MeV/c^.  Thus,  there is  a possi ­
b i l i ty  here for  quasi  two body product ion involv ing the A"*"  (I236) and the 
K" '  (1420).  
A search was made to see i f  the (123&) is  produced in  conjunct ion 
wi th the K °  (890).  By s l ic ing on the K ^  and d isplay ing the Pj t°  mass 
36 
dist r ibut ion i t  was est imated that  50% of  the A"*"  was produced in  con­
junction with the K ° (89O). 
Figure 15a shows the PK mass d is t r ibut ion.  The sol id  curve is  
weighted phase space and the dashed curve unweighted phase space.  There 
are no s igni f icant  contr ibut ions to th is  d is t r ibut ion f rom strange 
baryon resonances» 
*m 
Figure 16 shows the j t  j t  mass d is t r ibut ion.  Again,  both weighted 
and unweighted phase space curves are shown for  compar ison.  There is  a 
2.4 standard deviat ion enhancement a t  480 MeV/c over  weighted phase 
space.  No c lear ly  establ ished resonances in  th is  region are known. There 
is  no evidence in  th is  data to indicate that  th is  ef fect  ar ises f rom the 
decay of  another resonance.  On the other  hand 30% of  the A"^"^(1236) is  
associated wi th events in  th is  region.  Furthermore weighted phase space 
reduces the s igni f icance of  th is  peak by 2 standard deviat ions.  The con­
c lus ion is  that  th is  may be the ef fect  of  ref lect ions,  main ly f rom the 
A"^ but  a lso to a lesser extent  f rom the K °  (89O) and u)°(784).  The 
p°  (760) was est imated to contr ibute no more than 2% to the data.  
F igure 17 shows the n 71:°  e f fect ive mass d is t r ibut ion in 20 MeV/c^ 
b ins.  The f i t  is  a one resonance f i t  for  the p (760) p lus weighted 
phase space.  The p is  approximately a 3 s tandard deviat ion enhancement.  
— 2 The exper imental  width of  the p (90 MeV/c )  is  somewhat narrower than 
the current ly  accepted in t r ins ic  width.  However the p 's  have shown up 
in  d i f ferent  exper iments wi th var ious widths.  The d is t r ibut ion was f i t  
f i rs t  by a l lowing the width to vary and then wi th i t  constra ined to i ts  
accepted value.  The p-  contr ibut ion in  the former case was 3.5% and 5*5% 
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in  the la t ter .  The f i t ted curve in  e i ther  case was s l ight ly  under-
normal ized in  the peak of  phase space and overnormal ized in  the ta i l .  
Thus the amount o f  p determined by the f i t  is  probably an underest imate.  
The 3'5% P contr ibut ion was considered a lower l imi t .  A search v/as 
made to see i f  other  resonances were decaying wi th the p as one of  the 
+ — o  
decay products.  I t  wgs observed that  the events from the re n  7t d is t r i ­
but ion in  the region IO6O -  60 were s t rongly associated wi th the p .  A 
study of  th is  ef fect  is  d iscussed in  a separate sect ion on the Al° .  
F igure l8a shows the ef fect ive mass d is t r ibut ion in 20 MeV/c^ 
b ins.  A 5 standard deviat ion enhancement was observed.  
The center  of  mass angular  d is t r ibut ion for  the events in  the p"^ 
region is  shown in  f igure 18b wi th an appropr iate background subtract ion.  
2 The V probabi l i t ies for  a cosine squared and an isotropic f i t  to th is  
d is t r ibut ion were .7  and .2$,  respect ively.  
The Pi t  n  and K Tt j t  e f fect ive mass d is t r ibut ions were d isplayed 
for  the p"^ events.  A 2.5 standard deviat ion enhancement was observed 
o 2 in  the Rit  j t  d is t r ibut ion at  about  I85O MeV/c .  There are,  as ment ioned 
2 
ear l ier ,  enhancements in  th is  d is t r ibut ion at  about  1250 MeV/c f rom the 
^"*"^(1236) and the A"^(1236) o There were 2 enhancements observed in  the 
K d is t r ibut ion f rom p"^ events,  one at  1420 MeV/c^ and the other  at  
1700 MeV/c^,  both 2„7 standard deviat ion ef fects.  The K °(1420) is  wel l  
establ ished and is  reported as having a Kp decay mode.  This possib le 
K"°(1420) enhancement consists of  20 events above background.  
i t  is  concluded that  p product ion always occurs in  th is  react ion 
as a decay product  of  another resonance.  There is  evidence for  a 5% 
contr ibut ion f rom the Al°(1080).  Other possib le states wi th the p"*"  as 
38 
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a decay product  are an 1=3/2 baryon resonance at  1850 MeV/c and the 
O "J" 
K (1420).  The tota l  number of  p events in  these 3 enhancements is  
consistent  wi th the amount o f  p in  the gross d is t r ibut ion.  
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Figure 19a shows the K Jt  e f fect ive mass d is t r ibut ion in 20 MeV/c 
b ins.  The K ° (890) represents a 10 s tandard deviat ion enhancement above 
VC O 
background.  The center  of  mass angular  d is t r ibut ion of  the K (890)  
is  shown in  f igure I9d wi th a background subtract ion.  The d is t r ibut ion 
of  the 4 momentum t ransfer  to the K °  is  shown in  Figure 19c.  The K °  
is forward peaked in  the center  of  mass though not  as much forward as 
the A"^  and are backward peaked.  Also,  the 4 momentum t ransfer  
d is t r ibut ion for  the K °  departs less from background than do the same 
++ + 
dist r ibut ions for  the A and A •  This would seem to indicate that  the 
K"°  is  more l ike ly  to be formed at  h igher 4 momentum than are the A ' ^ (1236) 
•F-
and A (1236) resonances.  The decay angular  d is t r ibut ion of  the K is  
shown in  f igure 19bo The angle is  taken between the incoming and outgoing 
K in  the rest  f rame. The decay angular  d is t r ibut ions were fo lded 
about  90° to  increase the number o f  events in  a g iven b in.  The decay 
angular  d is t r ibut ion was symmetr ic  wi th in s tat is t ica l  error  before 
2 fo ld ing.  The probabi l i ty  for  an isotropic f i t  to th is  d is t r ibut ion 
was .70 .  This indicates e i ther  that  the K was produced wi th no st rong 
al ignment (hence in  some manner other  than s imple par t ic le exchange) or ,  
more l ike ly ,  produced in  several  d i f ferent  ways such that  the al ignments 
tend to cancel  each other  out .  
The K ,  K K ic^  Pn and PK i t "*"  e f fect ive mass d is-
t r ibut ions were d isplayed for  events in  the K region.  As usual ,  
corresponding s l ices were made on weighted phase space events for  com-
39 
parîson in  each case.  A possib i l i ty  for  quasi  tvyo body product ion ex ists 
wi th the K being formed in  conjunct ion wi th a baryon resonance conta in ing 
-  o 
the Prt  par t ic les.  There was no c lear  evidence for  such an ef fect .  
There could be smal l  contr ibut ions f rom several  baryon resonances to quasi  
two body product ion of  the type descr ibed.  I f  so_,  i t  would be d i f f icu l t  
to quant i tat ive ly determine how of ten quasi  two body product ion occurs;  
par t icu lar ly  s ince the h igher baryon resonances are usual ly  very wide.  
There was no evidence for  st range baryon product ion in  the Pj t  K 
d is t r ibut ion for  a select ion on the K nor  was there s igni f icant  ev i -
dence for  h igher K '  s  in  the K k % d is t r ibut ion.  
A K resonance in  the K i t  i t  d is t r ibut ion could decay v ia K a or  
K p"^.  Some ev idence was presented ear l ier  for  the K °(1420) for  a 
T 
select ion on the P .  The K TC decay mode is  reported as being 4 t imes 
as l ike ly  as . the Kp decay mode.  Thus one would expect  to  observe 4 t imes 
as much K (1420) f rom combined select ions on the K (890) and K °(890)_,  as 
would be observed f rom a select ion on the p .  The data must  be considered 
to be consistent  wi th th is  predict ion,  a l though a somewhat h igher Kp 
2 
decay mode would be preferred.  There is  a weak enhancement a t  1420 MeV/c 
in  the K r<. mass spectrum, and some evidence for  enhancements at  1300 
2 O "• "I" O 
MeV/c in  both the K «  r t  and K i t  i t  mass d is t r ibut ions.  
Q 
in  summary the K (890) is  a 20% ef fect  in  the data,  for  which no 
s ingle process could be considered as dominant  In  i ts  product ion.  A 
VC O 
rough est imate is  that  less than 30% of  the K is  associated wi th 
h igher K s tates,  i ts  product ion In a quasi  two body s tate cannot  be 
ru led out ,  bui  i t  Is  probably a smal l  e f fect .  Approximately 20% of  the 
k ' °  is  associated wi th the a"^(1236) in  double resonance product ion.  
"J" •" o 
F igure 20 shows the K i t  e f fect ive mass d is t r ibut ion In 40 MeV/c 
b ins.  The sol id  curve is  weighted phase space.  There have been no 
conf i rmed resonances wi th a double negat ive charge.  The enhancements 
at  800 and 96O MeV/c^ d isappeared when the K"°(890) j  K (89O),  and (784) 
were removed f rom the data indicat ing that  they are most  l ike ly  ref lect ions 
of  these resonances.  
— o  2 F igure 21a shows the K i t  e f fect ive mass d is t r ibut ion in 20 MeV/c 
b inso The K (890)  observed here is  a 5-5 standard deviat ion enhancement.  
The center  of  mass angular  d is t r ibut ion for  the K is  shown in  f igure 
21b.  I t  is  forward peaked though somewhat less forward than the K"°(890) 
d is t r ibut ion.  The d is t r ibut ion of  4 momentum t ransfer  to  the K Is  
shown in  Figure 21c.  As wi th the K °  i t  does not  d i f fer  st rongly f rom 
the background,  but  i t  does indicate some excess of  events below 1400 
MeV/c.  Therefore a cut  on 4 momentum t ransfer  was made when determining 
2 
the decay angular  d is t r ibut ion shown in  Figure 21d„ The ^  probabi l i ty  
for  a s ine squared f i t  to th is  d is t r ibut ion was .06 and for  the Isotropic 
f i t  .001.  A s ine squared dependence is  s l ight ly  preferred.  I f  a vector  
meson is  exchanged in  the product ion of  the K i t  can be shown that  the 
decay angle has a s ine squared dependence.  The exchange of  the p meson 
would be a possibility in that case. 
o *** " "  o  — *4* o  " i"  " "  
The P i tKjKi t i tJ t jK i t r t j  and Pi t  i t  e f fect ive mass d is t r ibut ions 
VF— 
were d isplayed for  K events.  There was a 2 s tandard deviat ion ef fect  
o '  2  
observed in  the Pit  K d is t r ibut ion at  1900 MeV/c .  There has been a 
(1910) reported.  There were enhancements in  the K i t^  i t °  d is t r ibut ion 
2 
at  1740,  1900,  and 2100 MeV/c ,  but none greater  than 2 s tandard 
m 
deviat ions.  A baryon resonance in  the Pit  i t  d is t r ibut ion together wi th 
the K would const i tute some evidence for  quasi  two body product ion.  
Concerning th is_,  i t  can only be said that  some suggest ive enhancements 
were observed in  the Prt  j r  channel  when select ing on the K .  The 
K d is t r ibut ion indicated 3 enhancements at  1140,  I300,  and 1420 
2 
MeV/c ;  the la t ter  two being 2„5 to 3.0 standard deviat ion ef fects.  i t  
was ment ioned ear l ier  that  there was ev idence for  the K"°(1420) f rom p"^ 
and K ° (890) select ions.  Thus there is  evidence for  the K °(1420) in  
a l l  three of  i ts  possib le decay channels in to K 
4" " 2 
Figure 22 shows the Pi t  j t  e f fect ive mass d is t r ibut ion in kO MeV/c 
b ins.  The sol id  curve is  weighted phase space.  These 3 par t ic les can 
form both 1=1/2 and 1=3/2 baryon resonances of  which there are many.  
A search was made to  t ry  and establ ish e i ther  quasi  two body product ion 
wi th the K (890) or  N decays in to A# or  Pp by s l ic ing on several  d i f -
ferent  regions in  the Pi t  i t  mass spectrum. No s igni f icant  ef fects 
could be establ ished.  The exper ience,  throughout  the study of  these 
data,  has been that  unless a s igni f icant  departure f rom background ex ists 
in  the gross d is t r ibut ion,  no s igni f icant  or  unambiguous resul ts  can be 
obta ined.  
F igures 23 and 24 show the p3t" ' ' j r °  and Pi t  j t °  e f fect ive mass d is t r ibu­
t ions respect ively.  No s igni f icant  enhancements are present  in  e i ther  of  
these d is t r ibut ions.  The sol id  curve on each is  weighted phase space.  
Only 1=3/2 baryon resonances could show up in  the Pj t"^3t°  channel  whi le both 
1=1/2 and 1=3/2 resonances could contr ibute to the Prt  channel .  
F igures 25,  26, and 27 show the PK Jt"*" ,  PK j :  ,  and PK ef fect ive 
mass d is t r ibut ions each wi th a weighted phase space f i t .  No st range 
baryon enhancements are observed in  these d is t r ibut ions.  To form a 
strange baryon by par t ic le exchange requires the exchanged par t ic le to 
carry st rangeness -1.  Apparent ly  these exchanges are suppressed s ince 
no s igni f icant  enhancements have been observed in  e i ther  the 2 body PK~ 
combinat ion of  the 3 body combinat ions just  ment ioned.  
F igures 28,  29,  and 30 shew the K r t  ic  ,  K and K j t  7 t°  e f fect ive 
2 
mass d is t r ibut ions each in  40 MeV/c b ins wi th weighted phase space as 
the sol id  curve represent ing background» The h igher K 's  could be 
observed in  the f i rs t  two,  whi le the K Jt  combinat ion having a double 
negat ive charge is  an 1^ =  -3/2 state.  No 1=3/2 st range mesons have 
bcciii o;. I .ih I i she'll. No i i|ii i I'i c.in 1; oiih.mctMiiciiloIjscjrvtui in iJu; K n 'n' 
or K % mass d is t r ibut ions.  
/'C Q 
The K (1420) enhancement consists of  only 12 events above back­
ground in  the gross K d is t r ibut ion.  However,  there are indicat ions 
f rom select ions on 1<'°(890),  (7 (>0) and K" (SGO) that  the K"°(1420) is  
a somewhat s t ronger ef fect  in  the data than is  apparent  f rom the gross 
"f*  o  
K Tt Tt  d is t r ibut ion.  The process of  select ing on these resonances could 
be expected to reduce the background s ince the K °(1420) is  known to 
decay in to them. The K (1420) is  est imated to be a 3.5 ±  1.5% ef fect .  
There have been some conf l ic t ing reports (20 ,  39 )  about  resonance 
act iv i ty  in  th is  region f rom other  react ions,  i t  is  not  l ike ly  that  very 
s igni f icant  resul ts  can be found concerning th is  Kj t i t  region f rom these 
data,  s ince the ef fects are very weak and the background is  considerable 
even when the select ions ment ioned above are made.  
Weighted phase space appears to  be shi f ted forward s l ight ly  fn the 
— — o  K Jt  î t  d is t r ibut ion.  Ordinary phase space actual ly  gave a bet ter  f i t  
2 
in  th is  case wi th a ^  probabi l i ty  of  .1  as opposed to .003.  The pro­
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bable explanat ion for  th is  shi f t  is  that  the center  of  mass angular  
d is t r ibut ions for  the K and proton are very much forward and backward 
peaked respect ively,  and the phases space events were isotropic in  
these d is t r ibut ions.  
Figure 3 la  shows the i t °  ef fect ive mass d is t r ibut ion in 20 MeV/c^ 
b ins.  There is  evidence here for  the ^($48) and (784) which are 4.0 
and 13.0 standard deviat ion ef fects respect ively.  In i t ia l ly  th is  d is t r i ­
but ion was f i t  wi th just  these two resonances and weighted phase space.  
2 
The probabi l i ty  was .20.  With th is  two resonance f i t  there remained 
2 
a considerable excess of  events over background in  the 1060 MeV/c region 
where the Al°(1080) could be observed.  The Al  is  an 1=1 resonance,  but  
only the charge components have been seen.  I t  is  a lso reported (  36 )  
as decaying 100% v ia p i t .  When the and ef fect ive mass 
d is t r ibut ions were d isplayed f rom events In  the 1060 + 60 MeV/c region,  
— 
equal  contr ibut ions were observed in  the p and q regions;  however no 
enhancement was observed in  the p° region.  The decay of  an 1=1,  1^=0 
s tate (A1°)  in to two 1 =  1,  1^=0 components (p°:n:°)  Is  forb idden by con­
servat ion of  isotopic spin.  The Al°  is  a 4 standard deviat ion enhance­
ment above the two resonance f i t .  
There is  some evidence in '  the gross j t ' j r  :n:°  d is t r ibut ion for  2 other  
2 
resonances,  one at  960 MeV/c which previously was observed In a miss ing 
mass spectrometer  exper iment  (30)  and has been cal led the 6,  and the 
other  at  1320 MeV/c^ which is  in  the region of  the A2°(1320)„  The 6 and 
the A2° are 2.5 and 1.5 standard deviat ion ef fects,  respect ively.  The 
gross Tt"^TC j r °  mass d is t r ibut ion was then f i t  wi th 3;  4,  and 5 resonances 
2 In  turn.  The probabi l i t ies ranged f rom .85 to .90 for  the three f i ts .  
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2 
where .85 is  Lho ^  probabi l i ty  for  the three resonance f i t  inc luding the 
1] ,  and Al° .  The addi t ion of  the Al°  produced the most  s igni f icant  
2 
change in  the % probabi l i ty  wi th very l i t t le  sensi t iv i ty  for  the ô and 
the A2.  The f i t  shown in  f igure 31a is  the 5 resonance f i t  which inc ludes 
Brei t -Wigner terms for  the T\ ,  ( i ) ,  6 ,  A l° ,  and A2°.  A deta i led report  (28)  
o f  A l°  product ion was made and is  a lso discussed here in  a la ter  sect ion.  
The center  of  mass angular  d is t r ibut ion for  the u°  is  shown in  
_ 2 f igure 56b.  1 he \  probabi l i t ies for  a cosine squared f i t  and an Iso­
t ropic f i t  were .85 and .10 respect ively indicat ing a preference for  a 
cosine squared dependence.  The has been reported (11)  as having been 
Vs" 
seen In conjunct ion wi th Y resonances In quasi  two body product ion 
and a lso as coming f rom the decay of  the k"( ]420) and k"(1800).  No 
c lear  evidence was observed for  e i ther  of  these ef fects.  The PK 
d is t r ibut ion for  the events Is  shown In f igure Igb.  The Pu)° and Kaj°  
d is t r ibut ions are shown in  f igures 32a and 32b.  A 2.5 standard deviat ion 
enhancement is  observed in  the d is t r ibut ion at  I78O MeV/c^.  There 
have been pre l iminary reports of  a Pm° enhancement in  th is  region (16) .  
F igures 33 to  37 show the 4 body ef fect ive mass combinat ions.  
There are no s igni f icant  enhancements In  any of  these d is t r ibut ions.  
The Pn r t  K J and Pi t  K d is t r ibut ions are s imi lar  in  shape,  whi le the 
" O " 
Pk K K d is t r ibut ion exhib i ts  a sharp peaking near the upper k inemat lcal  
l imi t  which Is  not  observed in  the f i rs t  two.  i t  can be seen that  weighted 
— O phase space g ives a bet ter  f i t  to the Prt  K d is t r ibut ion than does 
unweighted phase space.  Thus th is  sharp peaking can be considered as a 
k inemat lcal  e f fect  brought  on by the st rong appearance of  the K (890) 
a"^(1236) resonances.  
Table 5 conta ins a summary o f  the resonance product ion in  react ion la .  
The errors on the percentage contr ibut ions as quoted in  table 5 are in  
general  larger  than those ment ioned previously in  the indiv idual  d iscus­
s ion of  each resonance.  A standard deviat ion as def ined previously was 
used to indicate the stat  is t ica l  s igni f icance of  the enhancement.  
The f i rs t  column of  tables 5 and 6 conta ins the par t ic le types in  
the ef fect ive mass d is t r ibut ion.  The second column conta ins the symbol  
for  the resonances observed in  that  par t icu lar  d is t r ibut ion.  The th i rd 
and four th columns conta in the current ly  accepted values of  the centra l  
mass and the fu l l  width at  hal f  maximum of  the resonance,  respect ively.  
These values in  both tables 5 and S, and a lso a l l  other  data such as spins,  
par i t ies,  i -sp in,  and decay modes which were not  speci f ica l ly  referenced 
in the text ,  can be assumed to come f rom Rosenfeld 's  Tables (36) .  The 
f i f th  column conta ins the exper imental  centra l  mass values of  the reso­
nances.  The s ix th column conta ins the exper imental  fu l l  width at  hal f  
height  corrected for  energy resolut ion.  The average ef fect ive mass error  
in  the resonance region was determined.  Using i t  and the exper imental  
fu l l  width '  a t  hal f  height ,  the t rue width was found f rom the mass resolu­
t ion correct ion curves shown in  Figure 10.  The errors in  the centra l  mass 
2 
values and the corrected width,  (not  shown) are approximately 15 MeV/c and 
2 less than 25 MeV/c in  most  cases,  respect ively.  The seventh column con-
2 ta ins the % probabi l i ty  for  the f i ts  wich are shown by the sol id  curves 
on d i  ;;  Lr i  IAI I ;  ions .  The probob i  1 i  L i  o::.  I  i i i tcd l iorc ore the prob-
2 
abi l i t ies for  get t ing larger  % s .  The e ighth and n inth columns conta in 
the percentage contr ibut ions and the par t ia l  cross sect ions,  respect ively 
for  the resonances.  
Table 5» A summary o f  the resonance product ion in  react ion la  
Part ic les Resonances Accepted 
Mass 
Accepted 
Wi d th 
Exper imen­




b i l i ty  
% Contr i ­
but ion 
Cross Sec­
t ion (( ib)  
PTT^ 1236 120 1206 75 .52 14.5 - 2.5 1 2 0 - 2 2  
PTT .43 
PTr° 1236 120 1220 90 .01 8.0 - 3.0 66 - 22 
PK" .08 
+ -TT IT .03 
+ O TT IT 
+ 
P 774 128 765 95 . 11 9 . 0 - 2 . 5  74 - 19 
- O TT IT P" 774 128 769 100 .20 5.5 - 2.0 4 5 - 1 5  
KV K*° 892 50 890 65 .50 19.0 - 3.0 157 - 30 
K~ir '  .20 




PTT'TT® < .01 
— 4" 
PK TT .27 
PK'TT' .20 
Table 5.  (cont inued) 
2 
Part ic les Resonances Accepted Accepted Exper imen- Corrected % Proba- % Contr i -  Cross Sec-
Mass Width ta l  Mass Width b i l i ty  but ion t ion (^b)  
PK"- i r°  .01 
K~rr \~ .30 
-  + o 
K TT TT .01 
K~T~Tr° < .01 





U) 783 12 786 10 14.5 + 3.0 120 + 25 
Ô 963 <  5 948 ~0 2.5 + 1.0 21 + 7 













P t t ^ <  .01 
— + — O 
K IT T TT .10 
PK'TTV' . 03 
PKVV® . 08 
PK'TTV < .01 
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3.  The f inal  state K N Jt ot  ) t  
There are 70]  events in  th is  sample.  The tota l  background is  est ima­
ted to be 21%. The background would not  be expected to cause any ser ious 
anomal ies s ince,  as indicated ear l ier ,  i t  consists of  many d i f ferent  f inal  
states.  There are two ident ical  par t ic les involved in  th is  f inal  state 
which compl icate the analyses in  some cases.  Resonance contr ibut ions in  
the var ious channels are indicated in  Table 6.  
Figure 38a shows the Njt  mass d is t r ibut ion.  There is  evidence here 
+ 2 
for  the A (1236) resonance.  The enhancement centered at  1260 MeV/c is  
2 
a 3.4 standard deviat ion ef fect .  The centra l  mass occurs 14 MeV/c 
h igher than the accepted value.  The possib i l i ty  that  th is  enhancement is  
a ref lect ion of  the a (1236)  or K °  (890) ,  both of  which are present  in  
th is  f inal  s tate,  has been considered.  The NTT dist r ibut ion for  events 
having no K mass combinat ion in  the K °  region (900 -  60 MeV/c^)  
2 
was d isplayed.  A 2.4 standard deviat ion enhancement a t  1260 MeV/c 
-J-
remained.  The A could of  course be produced in  conjunct ion wi th the 
K .  I t  was est imated that  th is  occurred in  less than 1,0% of  the 701 
events.  By s imi lar  considerat ions the possib le or ig in of  the A was 
excluded.  
•J" 
In  determining the amount o f  A present ,  the possib i l i ty  of  both 
Nrt  combinat ions ly ing in  the mass region of  the A must  be considered.  
The rat io  of  the number o f  events wi th double combinat ions to the number 
of  events wi th s ingle combinat ions for  the background under the peak was 
assumed to be the same as the corresponding rat io  determined f rom phase 
space events.  With th is  assumpt ion i t  is  a s t ra ight  forward calculat ion 
to determine the t rue number of  events in  the peak.  
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The center  of  mass angular  d is t r ibut ion for  the a"*"  i s  shown in  
Figure 38b.  i t  exhib i ts  a def in i te backward peaking.  The d is t r ibut ion 
of  4 momentum t ransfer  to  the j  shown in  Figure 38c,  indicates a 
s l ight  excess of  events over background below I5OO MeV/c.  The decay 
angular  d is t r ibut ion ( in  the same reference f rame as used for  the A"*"*"  
react ion la)  was invest igated by making many d i f ferent  cuts on 4 momentum, 
and excluding other  resonances f rom the data.  i t  was not  symmetr ic  about  
90° unless a l l  Ni t*"  combinat ions which had a K mass combinat ion in  the 
region were e l iminated.  By excluding the K °  in th is  case a 
2 
symmetr ic  decay angular  d is t r ibut ion was obta ined» The probabi l i ty  
for  an isotropic f i t  was .75 and for  a cosine squared f i t  .65. 
As is  the case for  a l l  of  the resonances reported in  th is  work,  the 
"T" 
A can be produced in  many d i f ferent  processes.  The decay angular  
d is t r ibut ions for  d i f ferent  par t ic le exchanges wi l l  produce d i f ferent  
spin a l ignments in  the outgoing resonances,  and there is  no way of  
separat ing the events wi th one a l ignment f rom the events wi th a d i f ferent  
a l ignment.  There is  a lso the possib i l i ty  of  f inal  s tate interact ions 
and absorpt ion ef fects which can a l ter  the spin a l ignments,  
-J- "" 
The Nrt  n and Nrt  j t  mass d is t r ibut ions were d isplayed for  the A 
2 
events.  A 1.5 to 2.0 standard deviat ion enhancement a t  1820 MeV/c was 
observed in  the Njt  it mass spectrum. Ordinar i ly  such a smal l  e f fect  
would not  be ment ioned;  however,  e f fects a'c about  the same mass were 
+ o 
observed,  as ment ioned ear l ier ,  in  the Prt  TC mass p lot  f rom s l ices on 
'I • [•' "J" "J" 
the A ,  p ,  and A •  The Nj t  i r  combinat ion is  another possib le decay 
made of  an 1=3/2,baryon resonance.  There were suggest ive enhancements 
•F* ~ 
in  the Nit  j r  d is t r ibut ion in the v ic in i t ies of  known baryon resonances 
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but  none st rong enough to warrant  fur ther  considerat ion.  
F igure 39a shows the Nrc ef fect ive mass d is t r ibut ion.  The / \  (1236) 
enhancement is  a 7 standard deviat ion ef fect .  The d is t r ibut ion of  
4 momentum t ransfer  to the A was s tudied for  var ious h momentum t ransfer  
cuts and a lso by excluding f i rs t  the events and secondly the K"°  
events.  I t  was found that  a symmetric dist r ibut ion was obta ined only 
by excluding the K °  events.  The reason for  th is  can probably be 
at t r ibuted to k inemat ic  ef fects;  the K is ,  af ter  a l l ,  a very st rong 
resonance in  th is  react ion.  An isotropic ( f la t )  curve f i ts  th is  
2 dist r ibut ion wi th a ^  probabi l i ty  of  .91.  
Double resonance product ion is  possib le here wi th the A being 
formed in  conjunct ion wi th the K ° .  i t  was determined that  th is  occurs 
for  approximately 20% of  the A events.  Overal l ,  th is  amounts to a 
3 .7-  1.7 ef fect .  
mm "J* mm mm 
The NJT j r  and Ni t  j t  TC mass d is t r ibut ions for  A events have been 
examined.  There were no s igni f icant  enhancements in  these d is t r ibut ions.  
Product ion of  the A in  react ion lb  could come about  through a 




P or  
The baryon resonance (N )  indicated at  the lower ver tex of  the second 
process could have 1 =  1/2 or  !  ?= 3 /2.  There are many such resonances 
•j" — 
reported.  However,  there was no evidence in  the NTI:  TI dist r ibut ion 
(e i ther  In the gross data or  for  the 6, events)  for  s igni f icant  product ion 
of  a par t icu lar  baryon resonance» Possib ly  a number o f  N 's  are produced,  
each contr ibut ing a smal l  amount  o f  A In  I ts  decay,  in  th is  case one 
+ -
would not  observe any st rong enhancements In  the Nit  r t  mass d is t r ibut ions.  
Therefore no def in i te conclusion can be reached as to  the importance of  the 
second process In react ion lb .  The N need not  be produced of  course.  
In which case the A product ion could be tak ing place In a process 
s imi lar  to the f i rs t  one shown above.  Isotopic spin arguments usefu l  
in  some react ions to prod le t  branching rat ios and therefore Ident i fy  
possib le product ion processes are not  par t icu lar ly  usefu l  here s ince 
the exchanged I  =1 par t ic le and the proton can couple to I  = 3/2 or  1/2.  
This int roduces a parameter  for  !  = 1/2 and I  = 3/2 mix ing.  The in t ro­
duct ion of  th is  parameter  a l lows one to f i t  a wide range of  exper imental  
branching rat ios.  
mm "j- "J- — 
Figures 40,  41,  and 42 show the NK ,  TC ,  and TC ÎT ef fect ive mass 
d is t r ibut ions respect ively.  No s igni f icant  enhancements above background 
were observed.  
F igure 43a shows the K i t " ' "  e f fect ive mass d is t r ibut ion.  The (890) 
is  an 11 standard deviat ion enhancement.  Here again two combinat ions are 
present  for  each event .  The t rue number of  events in  the peak was deter­
mined f rom a considerat ion of  phase space events in  the same manner as 
descr ibed previously for  the resonance.  F igures 43b,  and 43c show the 
center  of  mass angular  d is t r ibut ion and the d is t r ibut ion in 4 momentum 
t ransfer ,  respect ively,  for  the K 'nei ther  of  which d i f fers s igni f i ­
cant ly  f rom the background.  The background was obta ined as usual  f rom 
s l ices above and below the K .  The decay angular  d is t r ibut ion of  the 
K was s tudied for  events having 4-momentum both less than and greater  
than 1200 MeV/c,  and a lso wi th and wi thout  removal  o f  events in  the 
à (1236) region.  The decay angular  d is t r ibut ions wi th 4-momentum greater  
2 
than 1200 MeV/c were symmetr ic ,  and had % probabi l i t ies for  isotropic 
f i ts  of  .60 and .45.  The d is t r ibut ions wi th 4-momentum less than 1200 
MeV/c showed a forward peak for  the cosine of  the decay angle greater  
than .8.  The removal  o f  the had no s igni f icant  ef fect  on the d is t r i ­
but ions.  I t  was noted that  the events wi th both K TT*" mass combinat ions 
+ 2 
in  the region 900 -  60 MeV/c were a lso forward peaked in  the decay 
angle,  whereas the double combinat ions in  the background s l ices showed 
no such forward peaking.  By removing the events wi th double combinat ions,  
the resul t ing d is t r ibut ion wi th background subtracted was symmetr ic .  
2 
There was a suggest ion of  a s ine squared dependence.  The x  probabi l i ty  
for  an isotropic f i t  was .35.  
As indicated previously,  K"°  double resonance product ion contr i ­
buted less than 1%. A lso,  A TT"*"  p roduct ion amounted to  approximately 
4%. These f igures were obta ined by determining the amount o f  K" pro-  .  
duced f rom events outs ide the A region,  for  example.  Then i t  was 
assumed that  the background under the A peak would contr ibute a propor­
t ionate amount.  The events le f t  over were assumed to be in  double 
resonance procuct ion wi th the A .  
Some of  the other  ef fect ive mass d is t r ibut ions,  which were studied 
using events in  the region,  were the \CT\~, KVW"  and 
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combinat ions.  There were no s igni f icant  enhancements observed in  the 
K n JT mass spectrum. Some 2 to 3 standard deviat ion enhancements were 
observed in  the K r t  i r  d is t r ibut ion at  1220,  1300,  and 1420 MeV/c^.  The 
Vr-
K (1420) could of  course be observed in  that  par t ic le combinat ion.  
Some other  enhancements were observed f rom events just  above and below 
the K ° (890) in the 7r"^ j r  and K 7t dist r ibut ions.  A 4 standard 
deviat ion enhancement a t  380 MeV/c^ in  the d is t r ibut ion,  and a 
3 s tandard deviat ion enhancement a t  I62O MeV/c^ in  the K d is t r i -
2 but  ion were observed.  ihe 1620 MeV/c enhancement was a lso observed 
in  the K r t  and K i t ' j r  Jt  d is t r ibut ions for  a se lect ion on the K 
I t  appeared in  these d is t r ibut ions as a 2 standard deviat ion ef fect .  
+ ~ o 2 The enhancement in  the j t  yc d is t r ibut ion at  3°0 MeV/c conta ined about  
22 events in  a very sharp spike.  Some ev idence was observed for  a 380 
MeV/c enhancement for  events in  the ^  TC dist r ibut ion at  970-3 '0 MeV/c 
( the region of  the Ô resonance).  There was no ev idence for  a enhance­
ment for  a K °  select ion,  just  for  events on e i ther  s ide of  the K 
F igure 44 shows the K j t  e f fect ive mass d is t r ibut ion.  The excess 
2 
of  events over background in  the 89O MeV/c region is  not  ent i re ly  
understood.  Removal  o f  the A events d id not  reduce th is  ef fect  at  a l l .  
Removal  o f  the K events d id reduce i ts  s igni f icance by one standard 
deviat ion.  Weighted phase space in  th is  case is  peaked below the peak 
in  the K j t  gross data.  Most  l ike ly  the excess of  events is  k inemat ical  
in  nature.  
F igure 45 shows the ef fect ive mass d is t r ibut ion.  The enhance­
ment a t  the same mass is  observed (as ment ioned ear l ier)  in  the 
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dist r ibut ion shown in  Figure 31- There,  i t  was a 2.5 standard deviat ion 
enhancement.  The 6 is  very near ly  too low in  mass to decay in to 
and no such decay mode was observed.  Even though there is  no evidence 
for  a p°  in  the gross data,  the possib i l i ty  that  the S is  associated 
wi th events in  the p° region was fur ther  invest igated by select ing on 
the n events in  the 76O -  60 MeV/c^ region.  No enhancement was 
+ + - , 2 
observed in  the st n  n mass at  960 MeV/c f rom th is  select ion.  
The smooth curve in  Figure 45 is  the resul t  of  a maximum l ike l ihood 
f i t  wi th one Brei t  Wigner funct ion for  the resonance and phase space 
• " " «"J" 
weighted on the Ni t  and K i t  mass d is t r ibut ions for  the background.  The 
centra l  peak value of  the ô was permi t ted to vary,  but  the width was 
f ixed at  a value consistent  wi th the error  in  ef fect ive mass.  The 
f i t ted value of  the mass and the est imated value of  the width are shown 
in  Table 6.  The X probabi l i ty  for  a f i t  using.only weighted phase 
— VVQ 
space was .12.  Removal  o f  both the A and the K le f t  no enhancement 
in  the 96O MeV/c^ region.  Removal  o f  just  the K"°  le f t  a 3.5 standard 
deviat ion enhancement.  Removal  o f  the K °  wi th select ion on the A 
a lso le f t  a 3*5 standard deviat ion enhancement.^ '  This indicates that  the 
Ô enhancement a t  96O MeV/c^ is associated wi th events in  the A region,  
in.  th is  case the range of  select ion on the A was 1220 -  60 MeV/c^.  In  
the d is t r ibut ion (react ion la)  there was a s imi lar  associat ion 
between the ô (960)  and in  th is  case the A"*^ ( I236) .  in  each case the Ô 
enhancement appears to be much too sharp to ar ise s imply as a ref lect ion 
of  the A wi th which i t  is  associated.  The K and mass 
d is t r ibut ions were d isplayed f rom events in  the 6 region.  There was no 
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signi f icant  evidence for  KÔ or  NÔ ef fects,  a l though some of  the h igher 
N 's  are very wide and an N6 ef fect  of  only 30 events would be d i f f icu l t  
to observe.  
2 There is  a weak enhancement in  the 13OO MeV/c mass region of  the 
i r  TC 3t  d is t r ibut ion.  However the f i t  to th is  d is t r ibut ion wi th two Brei t  
Wigner funct ions,  one f o r  the 6  a n d  o n e  f o r  the enhancement a t  I3OO 
2 MeV/c y ie lded a zero contr ibut ion for  th is  la t ter  ef fect .  The d ip in  
2 the gross d is t r ibut ion between 1200 and 13OO MeV/c is  less than a 2 
standard deviat ion departure f rom background.  The enhancement a t  13OÛ 
2 + MeV/c is  in  the region of  the A2 ( I3OO) which has a reported pn decay 
mode of  93%- The i t -a mass spectrum was invest igated for  events in  the 
1300 -  40 MeV/c^ region of  the d is t r ibut ion.  There were approxi -
mately 10 events over background.  The A2 is  est imated to contr ibute 
less than 1.5% to the tota l  d is t r ibut ion.  
Figures 46 through 55 show the remaining three and four  par t ic le 
mass d is t r ibut ions.  The smooth curves are weighted phase space f i ts  
to the data.  The K i tand NK jr  d is t r ibut ions,  shown in  
Figures 46,  48,  and 51j  depart  s igni f icant ly  in  some broad regions 
f rom the f i t ted curve.  On the other  hand the remaining three body 
states in  which there are two combinat ions per  event  are adequately 
descr ibed by weighted phase space.  The f i ts  to the K i t  tc  and N j ï  % 
d is t r ibut ions appear to  be shi f ted forward.  A s imi lar  forward shi f t  of  
the weighted phase space f i t  was noted in  some of  the mass d is t r ibut ions 
in react ion la .  I t  was ment ioned ear l ier  that  the phase space events 
do not  have the same center  of  mass angular  d is t r ibut ions as the exper i ­
mental  data,  and i t  was suggested that  th is  forward shi f t  may be due to 
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th is  fact ,  but  th is  possib i l i ty  has not  as yet  been fu l ly  invest igated.  
As ment ioned ear l ier ,  in ter ference ef fects and ref lect ions of  other  
resonances were considered in  the determinat ion of  the par t ia l  cross sec­
t ions l is ted in Tables 5 and 6.  In order to do th is '  two methods were 
used.  F i rs t ,  the Dal i tz  p lots for  the conf l ic t ing mass combinat ions were 
examined.  In  some cases the Dal i tz  p lots were d iv ided into resonance and 
nof i ro^ononco areas.  Ti icn by count ing the events in  the resonance areas,  
and est imat ing the background f rom the nonresonance areas,  i t  was possib le 
to determine whether or  not  the par t ia l  cross sect ion est imate was in f lu­
enced by ref lect ions and in ter ference ef fects.  The second method was to 
d isplay the mass d is t r ibut ions wi th the conf l ic t ing resonances removed.  In  
so doing,  however,  some of  ihe events belonging to the resonance under 
considerat ion were removed as wel l .  The ef fect  of  th is  was est imated by 
assuming that  the background under the resonances that  were removed would 
contr ibute to the product ion of  the resonance under considerat ion at  the 
same rate as the events not  removed f rom the data.  
These studies led to a reduct ion in  most  cases in  the re lat ive con­
t r ibut ions of  the resonances to the data,  in  par t icu lar  the A' ' (1236) 
and A (1236) par t ia l  cross sect ions were reduced by 4 to 5%j whereas the 
K °(890) in  both react ions la  and lb ,  and the Al°(1080) in  react ion la ,  
were in  good agreement wi th the amounts determined f rom thei r  respect ive 
f i ts .  
i t  is  noted that  the A"^(1236) in  both react ions la  and lb  are both 
_ 'J—[ » 
approximately ef fects.  Simi lar ly ,  the A and the A are produced wi th 
the same re lat ive st rength.  The K in  react ion lb  is  produced at  a s l ight­
ly  higher rate than i t  is  in  react ion la .  
Table 6.  Summary o f  resonance product ion in  react ion lb  
Part ic les Resonances Accepted Accepted Exper imen- Corrected x  Proba- % Contr i -  Cross Sec-
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. 0 2  
.005 
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7 . 0 - 2 . 0  2 9 - 9  
17.0 - 3.0 70 - 12 
29.0 -  4.0  119 -  20 
6.0 -  2.0 24 -8  
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4.  Evidence for  the A1° resonance 
The A1 ef fect  has been reported previously only in  the 1^ = -  1 
s tates (14,18) decaying by .  in those react ions in  which i t  has been 
seen (main ly of  the type i r  N i tJ tnN above 2.5 BeV/c) ,  i t  is  character is­
t ica l ly  associated wi th events exhib i t ing very low four-momentum t ransfer  
f rom the target  to  the f inal -s tate proton.  in  react ions of  th is  type at  
h igh inc ident  beam momenta,  the background contr ibut ion of  the Deck ef fect  
o t  (12,  17;  34)  must  be considered.  In some cases the o Jt  ~  mass d is t r ibut ion 
2 
appears to  require an addi t ional  resonance s t ructure near 1080 MeV/c 
super imposed on the Deck background.  In  other  s i tuat ions the Deck ef fect  
a lone (  possib ly  requir ing both -n and Q exchange (17)  )  seems adequate 
to f i t  the data.  
Evidence is  presented here for  the observat ion of  a n "  r t "*"  enhance-
+ — 
P 
ment at  IO69 -  15 MeV/c^ wi th a width of  128 -  15 MeV/c^ in  react ion la.  
This is  interpreted as the Al°  on the basis of  mass,  width,  and decay 
modes.  A lso,  the exper imental ly  determined spin and par i ty  for  th is  
ef fect  are consistent  wi th previous invest igat ions of  the charged A1.  
The features of  the gross j t  j t  «  d is t r ibut ion,  shown in  f igure 31a,  
were d iscussed ear l ier .  The essent ia l  points for  purposes of  th is  d is­
cussion were the following; (a) A significant enhancement in the IO6O 
2 MeV/c region remained over background when weighted phase space a lone 
was super imposed on the d is t r ibut ion^ (b)  The f i t  to the d is t r ibut ion 
was much improved wi th the addi t ion of  a resonance funct ion for  the A1° 
( there was no s igni f icant  d i f ference between weighted and unweighted 
phase space).  The 3^ d is t r ibut ions wi th the removal  in  turn of  each of  
the resonances were examined.  Removing the K °  and 
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the û" ' " ' "  e i ther  separate ly  or  together le f t  the Al°  not iceably enhanced 
over background.  The removal  o f  e i ther  K"  or  A"*"  p roduced no essent ia l  
change in  the shape of  the d is t r ibut ion.  Evidence for  the A2° is  not  
s t r ik ing from a v isual  examinat ion of  th is  d is t r ibut ion,  but  there is  a 
2 
suggest ion of  a weak enhancement in  the 1300 MeV/c region;  the f i t  was 
not  sensi t ive to the presence of  the A2 however.  A smal l  contr ibut ion 
f rom the ^  (1020) meson (which is  reported to have a 3^ decay mode 
(35)  )  cannot  be ru led out ,  but  the Al°  is  too broad and centered at  too 
h igh a mass to  involve an appreciable amount  o f  
2 + 
The associat ion of  the enhancement a t  IO6O MeV/c wi th the q"  (7^0)  
is  apparent  f rom Figure 3 lb ,  which shows the combined Q ^ and P JT mass 
d is t r ibut ion.  A maximum l ike l ihood f i t  to th is  d is t r ibut ion using the 
appropr iate weighted phase space background and resonance funct ions for  
the A1° and for  the A2° (mass and width f ixed at  1327 and 90 MeV/c^ ,  
respect ively)  y ie lds for  the A1° a mass of  1064 -  15 MeV/c^ and a re lat ive 
contr ibut ion of  25% (or  98 out  of  394 events) .  The absolute in tensi ty  of  
O "4" T 
the A1 in  the p-  Jt"*"  d is t r ibut ion is  consistent  wi th that  obta ined f rom 
f i ts  to the gross d is t r ibut ion i f  i t  is  assumed that  the Al°  decays 100% 
v ia 0 % as has been previously reported (35) .  The need for  addi t ional  
s t ructure in  the p-  TC+ mass spectrum beyond that  of  phase space background 
2 
is  indicated by the d i f ference in •)(  p robabi l i t ies for  the two-resonance 
2 f i t  and a normal ized phase space f i t .  The \ (  probabi l i ty  for  the la t ter  
is  25% whi le in  the former i t  is  50%. Unl ike the case of  the gross d is­
t r ibut ion,  however,  the absolute contr ibut ion of  the A1° is  here more 
sensi t ive to the presence of  the A2° and to var iat ions in  the A2° mass 
* O "J" — 
and width.  Also the A2 contr ibut ion in  the p-  j t+ d is t r ibut ion is  greater  
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than that  in  the gross d is t r ibut ion,  whereas i t  should be less.  This is  
at t r ibuted to the d i f fer ing shape of  the phase space background in  the two 
2 
cases and to uncerta int ies in  the nature of  the ef fects in  the 1300 MeV/c 
region (13 ) .  i t  Is  not  c lear  whether th is  st ructure in  the o~ should 
be at t r ibuted to the A2° or  to th is  p lus other  ef fects.  The inc lus ion of  
a resonance of  mass and width appropr iate for  the A2° provides an approxi ­
mate way of  account ing for  such st ructure as wel l  as a means of  obta in ing 
an upper l imi t  on the A2° contr ibut ion.  
O "i* "" — "J" 
The symmetr ic  nature of  the decay of  the A1 in to Q ^ and O ^ was 
+ 2 
checked by count ing events In the 1060 -  60 MeV/c band for  select ion on 
0 and 0 respect ively.  The rat io  of  the p « /p « decay is  1.0 -  0.2,  
consistent  wi th uni ty .  A s t rong conf i rmat ion of  th is  corre lat ion between 
2 + 
the 1060 MeV/c 3i t  peak and p-  Is  provided In f igure 31c which d isplays 
the pro ject ion of  a ÏÏ mass scat ter  p lot  for  events in  the 
+ 2 
IO6O-6O MeV/c band,  which has been fo lded along the d iagonal .  An 
appropr iate background subtract ion was made f rom s l ices above ( I I80  -  40 
MeV/c^)  and below ($40 -  40 MeV/c^)  the Al° .  Fold ing the n 
scat ter  p lot  in  th is  manner would not  in  general  provide the most  su i table 
method for  super imposing the two bands for  the Qjt  decay of  an arb i t rary 
-f" " 
resonance.  In  th is  case,  however,  the 0 j  p resonance over lap region 
l ies near the edge of  the scat ter  p lot  and is  re lat ive ly depopulated.  
Here th is  procedure does c lar i fy  the Qit  decay mode wi th a minimum of  d is­
tor t ion.  A dominant  0 s ignal  is  apparent  in  th is  d is t r ibut ion.  On the 
+ -
other  hand,  the i t  i t  mass d is t r ibut ion af ter  background correct ion shown 
in  f igure 3Id shows no c lear  evidence for  a p°  s ignal .  The decay of  the 
1 =  1 A1 resonance in to is  forb idden by I -spin conservat ion.  
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The amounts of  p"*"  and p found f rom f i ts  to the gross and -n TC°  
d is t r ibut ions are suf f ic ient  to provide the est imated contr ibut ions due 
to p-  decay of  the Al°  and any possib le A2°.  There is ,  in  addi t ion,  
*4" 
excess p which may be coming f rom other  sources which were d iscussed 
previously.  
The center  of  mass angular  d is t r ibut ion for  the A1° events Is  pre­
sented In Figure 56a.  A general  forward peaking Is  evident ,  but  i t  is  
not  a sharp ef fect .  A more s t r ik ing behavior  is  noted In the center  of  
mass angular  d is t r ibut ion for  the proton associated wi th the A1° events 
(F igure 56b).  The backward peak is  qui te sharp here,  much more so than 
for  events whose p-  mass l ies e i ther  above or  below the Al°  region.  
o 
There Is  a s t rong indicat ion here that  the A1 is  produced v ia a process 
In which the target  proton is  only per ipheral ly  involved.  The d is t r ibut ion 
In 4 momentum t ransfer  between the target  and f inal  s tate proton exhib i ts  
a sharp r ise at  low t  values,  which Is  consistent  wi th th is  point  of  v iew. 
However,  the low 4 momentum t ransfer  character is t ics of  a possib le 
per ipheral  mechanism involved here would be d is tor ted by the k inemat ic  
cut-of f .  
As indicated previously,  the Deck mechanism has been invoked in  some 
cases to  expla in p enhancements near threshold in  react ions,  
and i t  Is  f requent ly  suggested that  the A1 is  not  a t rue resonance but  
only a k inemat ic  enhancement ar is ing f rom a Deck- type process,  i t  Is  
obvious that  no s t r ic t  charge analog of  the Deck ef fect  can lead to Al°  
product ion In the react ion considered here.  Other more compl icated 
processes which might  conceivably produce such enhancements have been 
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considered.  However,  no reasonable processes have been found which in  
s imple charge var iat ions can lead to equal  enhancements in  both the 
and p spectra but  produce no ef fect  in  
P o To make statements about  the spin and par i ty  (J )  of  the A1 j  the 
German and Jacob (  9 )  analyses of  sequent ia l  and d i rect  three body 
decays were used.  For  the sequent ia l  decay Al°  pre,  p  _> the ex­
per imental  quant i ty  R = J  I  (0,  ( j l^  0 ' ,  (^ ' )  [5  cos^Q'- l l  dQ dQ'  
being non-zero impl ies the par i ty  of  the Al°  is  ( -1)  ^ (10) .  Here 0 
and (j)  a re the decay angles of  the p meson in  the Al°  rest  f rame in the 
coordinate system of  Jackson (26)  and 0 '^  ( j ) '  a re the decay angles of  one 
of  the p ions in  the p->7t3t  decay in  the p rest  f rame, whi le I  (0,^ ,0 ' ,6 ' )  
is  the exper imental  decay angular  d is t r ibut ion for  the Al°  decay express­
ing the probabi l i ty  of  obta in ing the p meson at  angles 0,  (j)  w i th the i t  
meson at  0 '  (j)  ' .  
Using a sample of  119 events in  the p meson bands of  the A1° Dal i tz  
p lot  excluding the over lap region,  and making an appropr iate background 
correct ion,  the value R = I .7-O.5 was obta ined imply ing unnatural  par i ty  
for  the Al°  in  agreement wi th previous reports (2 ,14,32) .  The background 
was formed f rom 127 events outs ide the p bands.  Each event  was used twice 
s ince there was no basis for  preferent ia l ly  assigning a background event  
-F - - + 
to  e i ther  a "quasi"  p i t  channel  or  p channel .  I t  was assumed that  
in  the p bands the rat io  of  the number o f  t rue Al°  events to  background 
events was one.  This assumpt ion was consistent  wi th resul ts  of  the f i ts  
to both the gross and selected mass d is t r ibut ions.  The resul t  that  
R was non-zero was not  sensi t ive to the background correct ion method.  
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The theoret ica l  angular  d is t r ibut ions in the polar  angle of  the normal  
to  the Al°  decay p lane for  spin hypotheses 0 ( ! (p)  ^  Constant)  and 
(1 (P)  ~  + (1-3 PQQ) COS ( 9 )  w e r e  f i t t e d  t o  t h e  b a c k ­
ground corrected data by the method of  least  squares.  Here is  an 
A l°  spin densi ty  matr ix  e lement referred to the beam d i rect ion In the Al°  
rest  f rame. The theoret ical  curves and the data are shown in Figure 56.  
Histogram I  represents a l l  the events in  the Al°  region,  and the data 
wi th a background correct ion is  shown in  h istogram 11.  The sol id  curves 
O - -J-
are the theoret ica l  predicat ions for  the A1 spin hypotheses 0 and 1 
normal ized to histogram i l .  The h is tograms were symmetr ical  before fo ld-
+ 2 
ing.  The best  f i t  for  the 1 hypothesis was obta ined wit h  P q q -1-  The % 
probabi l i t ies for  the 0 and 1 f iLs were 43% and 9oX respect ivc ly„  Whi le 
th is  resul t  does not  permi t  a good d iscr iminat ion between 0 and 1 ,  i t  is  
c lear ly  consistent  wi th the previously favored l"^  ass ignment (2 ,3,32) .  
Assuming that  the A3 is  1 ,  histogram 1!  indicates that  the A1 spin is  
a l igned perpendicular  to  the inc ident  K d i rect ion.  The angular  d is-
t r ibut ion of  the p-  in  the A1 rest  f rame was consistent  wi th isotropy,  
0 + Jil 
which indicates an S wave decay for  A1 -> p-  7t 
11 has been suggested (23)  that  product ion of  a t rue Al -  resonance 
in  JT-P RT- TT FT P  react ions may be due to exchange of  a 0 system 
(vacuon).  A product ion process where a vacuon is  exchanged as wel l  as 
other  processes involv ing one-part ic le exchange have been considered 
0 '  
as possib le mechanisms for  Al  product ion in  react ion la .  Any proposed 
process should sat is fy  the fo l lowing restr ic t ions suggested by our  data:  
(a)  There should be low 4 momentum t ransfer  to the proton;  (b)  A 
mechanism producing an a l ignment of  the Al°  wi th respect  to  the beam is  
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preferred;  (c)  There should be no analog process that  could produce the 






The f i rs t  process in  which a vacuon is  exchanged c lear ly  sat is f ies 
restr ic t ions (a)  and (c) .  With regard to (a)  however,  the d is t r ibut ions 
of  4 momentum t ransfer  to the proton for  vacuon exchange are expected to 
be very sharply peaked at  low 4 momentum, even more so perhaps than was 
observed in  our data.  I t  is  not  obvious that  the Al°  would be a l igned 
as indicated f rom these data i f  product ion proceeded v ia th is  process.  
This would depend on the deta i ls  of  the interact ion at  the upper ver tex.  
One would not  expect  th is  process to lead to extreme forward peaking in  
the center  of  mass angular  d is t r ibut ion of  the Al° .  This is  consistent  
wi th the d is t r ibut ion shown in  Figure 56a.  There is  of  course no apparent  
reason why the Al°  should not  be produced in  the react ion -i t  P_3t  Pr t '^r t  
by an analogus process;  however,  there have been no reports of  i ts  
observat ion.  
The label  X in  the second process is  appl ied to the par t ic le or  
system involved wi th the K and A l°  at  the upper ver tex.  I f  the Al°  is  
l "^ ,  then X is  not  0 because 0 for  the incoming K cannot  be formed 
f rom 0 J 1 and orb i ta l  angular  momentum L=l .  The data suggest  0 for  X,  
"i"  
however no 0 par t ic les wi th strangeness -1 have been observed.  The upper 
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vertex is  assumed to  involve fa i r ly  large momentum t ransfer  f rom the K 
to Al°  in  order to  produce a center  of  mass angular  d is t r ibut ion of  the 
type shown in  Figure 56aj  whi le the X P - ,  K P in teract ion is  assumed 
to be pcr iphcraln This proccss forb ids A1 product ion in  réact ion lb  
i f  X has 1-1/2.  An analog of  th is  proccss involv ing cxchnnge of  
should load to AI  product ion in  the react ion K P K° P JC 'JI '  -JF .  This 
f inal  s tate,  though present  in  our  data,  was not  s tudied because there 
were too few events in  the sample.  
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IV. CONCLUSION 
The react ions discussed in  th is  report  K P-.  K and 
K Nrt  r t  r t  are both very complex.  Also the analys is  was compl icated 
through the necessi ty  of  combining data at  two d i f ferent  momenta pre­
pared at  d i f ferent  inst i tu t ions.  The data subsets were întercompared 
through examinat ion of  var ious d is t r ibut ions In measured and f i t ted 
var iables to insure compat ib i l i ty  before they were combined,  in  a sense,  
then,  the combined data consists of  four  d i f ferent  par ts.  Unfor tunately,  
no s ingle par t i t ion contains enough events to  warrant  an indiv idual  
analys is .  
The cross sect ions for  the react ions (1)  are shown In Table 4 a long 
wi th var ious correct ion factors for  background and unmeasurable events.  
The tota l  background in  each s tate is  approximately 20%. An important  
point  to note in  th is  connect ion Is  that  the background consists of  events 
f rom several  d i f ferent  sources and therefore Is  not  expected to contr ibute 
coherent ly  In  producing sharp ef fects In the var ious mass and angular  
d is t r ibut ions.  
Sizeable resonance contr ibut ions are observed In both react ions.  
React ion la  involved resonance product ion about  80% of  the t ime.  Reso­
nances contr ibut ing to th is  f inal ,  s tate to the extent  of  5% or  more inc lude 
the &**(1236) and A^\ l236),  and K °  (890) and K (890),  the p^X760) and 
p (760),  the 0°  (784) and the Al°  ( I080) .  A complete summary of  the 
resonance product ion and the par t ia l  cross sect ions for  th is  react ion are 
g iven in  Table 5.  About  59% of  the events In react ion lb  are ascr ibed 
to resonance product ion.  Signi f icant  resonances here Inc lude the 
67 
A (1236) and (1236),  the K °  (890) and 0"^ (960).  Table 6 g ives the 
summary o f  resonance product ion and par t ia l  cross sect ions for  th is  
react ion.  
In many cases centra l  mass values for  contr ibut ing resonances corres­
ponded to the peak or  near the peak of  phase space.  This int roduced 
addi t ional  uncerta inty in  the st rengths of  these resonances which is  re­
f lected in the errors in  the par t ia l  cross sect ions.  The background for  
the resonances in  these regions was more than 50% in  most  cases.  There­
fore large errors were int roduced in  the angular  d is t r ibut ions of  the 
resonances due to background subtract ion.  
The d is t r ibut ions of  4 momentum t ransfer  to the resonances and the 
center  of  mass angular  d is t r ibut ions for  the resonances are shown for  the 
most  s igni f icant  enhancements a long wi th a background est imate or  wi th a 
background subtract ion.  The background was approximated,  as ment ioned 
ear l ier ,  by the events in  regions just  above and below a resonance.  
The center  of  mass angular  d is t r ibut ions were backward peaked for  
*JV 
the A's and forward peaked for  the K 's .  They were,  in  most  cases,  
s imi lar  to the background.  The d is t r ibut ions of  4 momentum t ransfer  
for  the A 'S di f fered more s igni f icant ly  f rom the background than d id these 
same d is t r ibut ions for  the K 's .  Therefore cuts on 4 momentum t ransfer  
were usefu l  in  reducing the background when studying the decay angular  
d is t r ibut ions of  the A resonances.  
Dist r ibut ions of  4 momentum t ransfer  to the nucléon were compared 
for  events in  the K °  (890) region for  the fo l lowing three d i f ferent  f inal  
states produced in  K P react ions at  these momenta:  N,  K P,  and 
— O 
K Pj t  I t  .  The d is t r ibut ions f rom the three and four  body f inal  states 
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peaked at  considerably lower 4 momentum t ransfer  than d id the f ive body 
f inal  state.  The f ive body f inal  states appear to  be much less per i ­
pheral  in  nature than those wi th fewer f inal  state par t ic les.  This 
feature of  react ions la and lb  is  ref lected in the general  success found 
in  ut i l iz ing phase space or  modi f ied phase space backgrounds in  f i t t ing 
I:he var ious mass pro ject ions.  
In contrast  to  the K and A s tates,  the m^(784) and p"*"  (y60)  were 
produced near ly  symmetr ic  forward and backward in  the overal l  center  of  
mass system. In addi t ion the center  of  mass angular  d is t r ibut ion for  pro­
tons associated wi th the events is  qui te sharply peaked backward,  
much more so than for  events above and below the aj° .  The a)°  appeared to 
be unal igned wi th respect  to  the inc ident  K d i rect ion.  This was s tudied 
in  a coordinate system analogus to that  used for  the Al°  spin analyses.  
The inference is  that  the is  probably not  formed at  a ver tex involv ing 
the inc ident  K and an exchanged spin 0 par t ic le such as was considered 
for  Al°  product ion.  
The A"*"*  (1236) produced in  react ion la was the only baryon resonance 
to exhib i t  an a l ignment wi th respect  to  the incoming proton d i rect ion as 
seen in  the rest  system of  the resonance.  This par t icu lar  a l ignment 
suggested thai ;  a p ion cxchangc process may be act ing to some extent  In 
the product ion of  The K °  (89O) product ion in  react ion lb  and the 
K (890) in  react ion la appear to  be weakly a l igned wi th respect  to  the 
incoming K d i rect ion as seen in  the resonance rest  system. The d is t r i ­
but ion in  the scat ter ing angle between the K .  and K ^ indicates a 
^  in  out  
s in^ dependence.  ! t  has been shown that  p exchange in  K (89O) product ion 
leads to a s in al ignment,  in  the case of  the K (89O) f rom react ion 
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lb  there was,  in  addi t ion,  an asymmetry in  the decay angular  d is t r ibut ion 
for  events wi th 4-momentum to the K °  less than 1200 MeV/c.  This 
asymmetry was at t r ibuted mainly to background,  but  may a lso ar ise f rom 
inter ference ef fects.  
Good ev idence was presented for  the observat ion of  the 1^=0 component  
o f  the 1=1 A]°(1080) resonance.  A  spin analys is  indicated an u n n a t u r a l  
spin-par i ty  assignment,  wi th a s t rong,  though not  conclusive,  preference 
•F" 
for  1 .  The product ion mechanism was not  c lear ly  establ ished,  but  two 
possib le product ion diagrams, involv ing one-part ic le-exchange,  were pro­
posed and d iscussed br ief ly .  
Simul taneous resonance product ion and/or  quasi - two-body product ion 
were not  s t rong ef fects in  e i ther  of  these react ions.  Lower l imi ts  for  
double resonance product ion were 6% in  react ion la  and 4% in  react ion lb .  
There were suggest ions of  quasi- two-body product ion in  both react ions.  
The extent  to which f inal  s tate interact ions might  have obscured the 
evidence for  quasi- two-body product ion is  not  known. 
In  an Invest igat ion of  the K Pt tV 7r°  f ina l  s tate at  3.8 BeV/c (11)  
good evidence was found for  tu°A"°(1520),  u)°A"°(1815),  and °(1200) 
product ion.  No s igni f icant  evidence was observed for  these states in  our 
data,  a l though u)°  product ion was prominent .  The w°PK mass spectrum is  
shown in  Figure 15b.  Apparent ly  u)°  product ion processes in  K P in ter­
act ions at  3.8 BeV/c d i f fer  f rom those in  the 4.6 to 5.0 BeV/c momentum 
range.  
With the except ion of  ef fects In the 37r channels,  there is  no c lear  
evidence for  resonances in  the gross three and four  body ef fect ive mass 
d is t r ibut ions.  Nevertheless one might  expect  to  observe decays of  h igher 
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baryon and st range meson resonances by select ing on events in  the regions 
iV 
of  the A 's,  K 's ,  or  p 's ,  which are prominent  in  the data,  s ince many of  
--V 
them have /sn,  K n ,  Np or  Kp decay modes.  Suggest ive enhancements were 
observed in  the three and four  body mass spectrums f rom the aforement ioned 
select ions,  a few of  which were studied in  some deta i l .  As a ru le,  these 
ef fects (which in  some cases amounted to 2 or  3 standard deviat ion depart ­
ures f rom background) could not  be associated conclusively wi th reported 
resonances.  In  par t icu lar  a search was made for  ,KA1° and PA 1°  
enhancements.  The Ka°and Pui°  d is t r ibut ions are shown in  Figures 32a and 
32b.  No s igni f icant  enhancements are observed in  these d is t r ibut ions or  
in  the KA1° and PA1° spectra (not  shown).  
2 Suggest ive enhancements near 1300 and 1400 MeV/c were observed in  
the K mass spectrum f rom events in  the K °  (890),  K (890),  and 
P" ' " (760) regions.  In order to form a d is t r ibut ion wi th a bet ter  s ignal  
to  background rat io ,  the three K d is t r ibut ions were added together.  
The summed d is t r ibut ion exhib i ted two s igni f icant  peaks,  again at  1300 
2 
and 1420 MeV/c .  The background was formed wi th weighted phase space 
*4" O 
events f rom corresponding mass regions.  The Rit  •k mass spectrums for  
events in  the A"*"*"  (1236) ,  A" ' " (1236) ,  and P"*" (76O) regions a l l  gave some 
2 
evidence for  an enhancement a t  1850 MeV/c .  A resonance here would have 
to be the = 3/2 member o f  a s tate of  i -sp in 3/2 or  greater .  The 
s igni f icance of  the enhancement was somewhat improved by adding together 
the three d is t r ibut ions as before.  
Product ion mechanisms involv ing one par t ic le exchange were con­
s idered.  Isotopic spin,  which can be usefu l  in  predict ing branching 
rat ios once a par t icu lar  d iagram is  assumed, turned out  to be of  l i t t le  
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use here.  The reason is  that  the react ion does not  proceed through a 
pure i -sp in state and there are enough parameters to a l low a f i t  to a 
wide range of  exper imental  branching rat ios.  
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Figure la .  The miss ing mass squared d is t r ibut ion for  
par t ia l  sample of  the events produced in  
react ion la 
Figure lb .  The miss ing mass squared d is t r ibut ion for  a 
par t ia l  sample of  the events produced in  
react ion lb  
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2 Figure 2a.  The % d is t r ibut ion for  a par t ia l  sample of  the 
events produced in  react ion la  
2 F igure 2b.  The d is t r ibut ion for  a par t ia l  sample of  
the events produced in  react ion lb  
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Figure A scat tergram of  the measured beam azimuth and X ver tex posi t ion for  
a par t ia l  sample of  four-pronged events at  4.6 BeV/c 
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Figure 5.  A scat tergram of  the measured beam azimuth and X ver tex posi t ion for  a 
par t ia l  sample of  four-pronged events at  5.0 BeV/c 
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Figure 6a. The distr ibution of measured beam momentum inside 
azimuth l imits and corrected for momentum loss 
due to ionization for 4.6 BeV/c four-pronged events 
Figure 6b. The distr ibution of measured beam momentum outside 
azimuth l imits and corrected for momentum loss due 
to ionization for 4.6 BeV/c four-pronged events 
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Figure 7a.  The d is t r ibut ion of  measured beam momentum ins ide 
azimuth l imi ts  and corrected for  momentum loss 
due to ionizat ion for  5.0 BeV/c four-pronged events 
Figure 7b.  The d is t r ibut ion of  measured beam momentum outs ide 
azimuth l imi ts  and corrected for  momentum loss 
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Figure 11.  The K i :  e f fect ive mass for  events outs ide restr ic t ions on beam and miss ing mass 
Figure 12a.  The Pn:^ e f fect ive mass for  
react ion la 
Figure 12c.  The d is t r ibut ion h momentum 
t ransfer  to the A 
++ Figure 12b.  The A decay angular  
d is t r ibut ion wi th BKG 
(background) removed 
F igure 12d.  The A"^  C.M. (center  of  
mass) angular  d is t r ibut ion 
lOOr 









I  I  I  I  
PTT*EFFECTIVE MASS 





1000 1200 I400 1600 1800 
M(P7r + ) MeV/c^ 
2000 2200 
40 
I  \ I  ^  













TO Ù** < 
0.2 0.4 0.6 0.8 Icos et VO VN 
1 1 1— 
MOMENTUM TRANSFER 
(1236) K-P—K-PT+V 
I GROSS 362 EVENTS 
n BKG. 209 EVENTS 
400 800 1200 1600 2000 






~i I  I  I  I r  
A++U236I C.M. ANGULAR 
DISTRIBUTION K-p-K~P7r* tt-TTO 
I GROSS 362 EVENTS 
n WITH BKG. REMOVED 154 EVENTS 
O 30 
M ZO 
-1.0 -0.0 -0.6 -0.4 -0.2 O 0.2 0.4 0.6 
COS(6) 
PTT-  EFFECTIVE MASS 














1000 200 1400 1600 1800 
M (PiT~) MeV/c^ 
2000 2200 2400 
Figure 13.  The Pj t  e f fect ive mass for  react ion la 
Figure I4a.  The Pi t® .ef fect  î ve mass for  Figure ]hh. The center  of  
reactÎQin la mass angular distr ibution 
Figure l4c» The d is t r ibut ion of  4 momentum t ransfer  to the A"^  
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Figure Iga.  The PK ef fect ive mass for  events in  react ion la 
Figure 15b.  The PK ef fect ive mass f rom a select ion on the a)°  (784) 
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Figure 19a.  The K i r  e f fect ive mass 
for  react ion la 
Figure 19c.  The d is t r ibut ion of  4 momentum 
t ransfer  to the K 
Figure 19b.  The K °  (890) decay 
angular  d is t r ibut ion 
Figure 19d.  The K °  center  of  mass 
angular  d is t r ibut ion 
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for  react ion la 
Figure 2 1c.  The d is t r ibut ion af  4 momentum 
t ransfer  to the K 
Figure 21b.  The K center  of  mass 
angular  d is t r ibut ion 
Figure 21d.  The K decay angular  
d is t r ibut ion 
1 1 1 r  
K*- (890) 
• 






K* (890) ANGULAR DISTRIBUTION 
K-P—-K-P •r*r~r° 
I GROSS 243 EVENTS 
K WITH BKG, REMOVED 85 EVENTS 
A 4O 
-1-0 -0.8 
-0.6 -04 -0.2 0.0 02 
COS(fl) 
0.6 0.8 
900 1100 1300 1500 
M(K-TrO) MeV/C^ 
1700 1900 2100 
M)K.-
I I I I I 
MOM TRANSFER TO K*-(890) 
I GROSS 243 EVENTS 






400 800 1200 1600 2000 2200 
4 MOMENTUM TO K*" M«V/c 
-| I 1 




A+ (1236) EVENTS REMOVED 
4 MOMENTUM TO K*-«400MEWFCT 
_L 
02 0.4 0.6 0.8 
(cos e I 
LA 
Figure 22.  The ef fect ive mass for  react ion 1 
F igure 23.  The ef fect ive mass for  react ion 
Figure 24.  The PJT'TC"  e f fect ive mass for  react ion 
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Figure 25.  The Pi t  K e f fect ive mass for  react ion 
Figure 26.  The Pir  K e f fect ive mass for  react ion 
Figure 27.  The Pj t°K ef fect ive mass for  react ion 
NUMBER OF EVENTS/40 MeV/c2 
"D 
4  
ro o> 03 










NUMBER OF EVENTS/40 MeV/c? 
ro ^ 
o o 
NUMBER OF EVENTS/40MeV/c2 
no ro 
Figure 28.  The K Jt  : r t  e f fect ive mass for  react ion la 
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F igure 29» The K Jt  «  ef fect ive mass for  react ion la 
Figure 30.  The K «  ef fect ive mass for  react ion la 
NUMBER OF EVENTS/40MeV/c< 
NUMBER OF EVENTS/40 MeV/c2 
ra A m cx> o ro A Oi 00 o 
O o o o o ->io o o o o o 
o m 












Figure 31a.  The si  e f fect ive mass 
for  react ion la 
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Figure 32a.  The P:n: \  e f fect ive mass select ing on the (n°(784) 
for  react ion la.  
F igure 32b.  The K ef fect ive mass select ing on the ( i i ° (784) 
for  react ion la 
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Figure 33- The Prt  TT Jt  e f fect ive mass for  react ion la 
Figure 3^.  The K Tt°  e f fect ive mass for  react ion la 
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Figure 35- The K jc i t  P e f fect ive mass for  react ion la 
Figure 36.  The K n*#°P ef fect ive mass for  react ion la 
Figure 37. The K ZT°P ef fect ive mass for  react ion la 
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Figure 38a„  The Nn"*^  e f fec t ive mass for  F igure 38b. The center  o f  mass 
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Figure 38c.  The d is t r ibut ion of  4 momentum t ransfer  to the a"*" 
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Figure 39a.  The Nn ef fect ive mass for  Figure 39bo The t ,  center  o f  mass 
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F igure 41.  The jr  r r  e f fect ive mass for  r e a c t i o n  lb  
F i g u r e  4 2 .  T h e  j t \  e f f e c t i v e  m a s s  f o r  r e a c t i o n  l b  
Figure 43a.  The K n ef fect ive mass F igure 43b.  The K °  center  of  
for  react ion lb  mass angular  d is t r ibut ion 
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F igure 44. The K j t  effective mass for reaction lb 
Figure 45. The effective mass for reaction lb 
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F igure 46. The Nrt  j t  e f fec t ive mass for  react ion lb  
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Figure 48.  The K tc j t  e f fect ive mass for  react ion lb 
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Figure 50.  The NK i t  e f fect ive mass for  react ion lb  
Figure 51» The NK"i t~ e f fect ive mass for  react ion lb  
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F igure 52.  The Nt t  i t  7f  e f fect ive mass for  react ion 
Figure 53.  The K ic i t  i t  e f fect ive mass for  react ion 
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